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PREFACE. 



The remarkable and gratifying apprecia- 
tion and success attending the publication of 
the author's original ** Steam Engine Cate- 
chism" (now in its tenth edition) and of its 
companion, volumes, the '*Pump Cate- 
chism'' and "Boiler Catechism," has led 
to the preparation of this book, which 
treats more of special builds of engines, as 
erected, adjusted, and run, than of the 
properties of steam, or the general princi- 
ples of engine design and construction. It 
has seemed desirable to give descriptions of 
the general characteristics of various well- 
known makes of engines ; to follow these 
with details of shipping, making founda- 
tions, erecting, and starting, and then to 
give detailed instructions as to the adjust- 
ment of special makes, each of which has 
its own peculiarities of construction, often 
puzzling even to engineers of long and 
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8 PREFACE. 

varied experience. This last feature, in 
particular, should prove specially valuable 
to young engineers, or to those in isolated 
plants, where opportunities for communi- 
cating with other engineers, or with the 
builders of an engine that may be unfa- 
miliar, are few. The author has tried to 
make his instructions plain, complete, ac- 
curate, and up to date. Should it fail in 
any item, he would take it as a favor to be 
told of errors, or asked concerning omis- 
sions. 
dl Pabs Bow, N. T, October, 1891. 



SOME MODERN ENGINES.* 
The AKsaNOTON & Sims Engine. 

Q. What features distinguisb the Arming- 
ton & Sims engine ? 

A. The Armington & Sims engine has 
overhung cylinder, governor of the same 
type as the Buckeye and Straight Line, a 
hollow double-ported piston valve, but tak- 
ing steam at the middle and exhausting as 
the ends of the chest. One eccentric is set 
inside the other, and the governor causes 
their throws to coincide, producing maxi- 
mum throw, or to separate, lessening the 
throw. 

Q. What is the range of cut-off in the 
Armington & Sims engine ? 

A. From zero to three-quarters. 

Q. How does change of cut-off affect the 

* Full instructions how to set up, adjust and run 
these various engines are g^iven in the chapter de- 
voted to that subject, page 153, et aeq. 
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lead and cushion in tlie ArmiDgton & Sim's 
engine ! 

A. The earlier the cnt-off, the greater the 
compression ; lead remains unchanged. 



Fio. ». AwmraTos & Shib GomaiOB.— EUklv 

CuT-orp. 

The Atla3 Slide-Valve Engine. 
Q. "What is the principal characteristic o£ 
the Atlas slide-Talve engine ! 
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A. A shatt-gorernor, made of ten pieces 
including tluee ptiiis of duplicate. In the 



Fia. S. Abunbtoh ft Bns GotebhOb.— LlIC OtW- 

cnt, A is the shaft bore, S the " tripod," a 
sleeve fitting the shaft acd having three 
arms 'with studs for the attachment of other 
parts. The stnd in its longest ann comes 
160° from the crank-pin. On this stud is 
hung the eccentric C, which has a hole large 
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enough to let it swing across the shaft to 
vary its throw. It has a gibbed rebate (or 
rabbet) to fit over a projecting lip on the 
tripod. A pulley-like piece I) fits over the 
tripod sleeve and is held by a collar. It fits 
loosely, so that the sleeve may turn within 
it without turning it, hence it is called the 
** dead- wheel." Two weights, E, F^ are 
pivoted thereto ; set-screws limiting their 
throw. 




Fig. 5. Governor of Atlas Sudb-Valvb Engine. 



ENGms Rukneb'b Catbchish. 15 

Each weight has a stud whereby it is con- 
nected to the shorter arms of the tripod by 
a * * weight link, '' F, The ' * eccentric link, " 
H^ connects the eccentric with the rim of 
the dead wheel. There are two pairs of 
lugs, h d and b' d'. Taper pins are used in 
them to take up the wear. The link con- 
nects one pair when the engine runs oveVy 
and the other when running under. The 
remaining pieces are the two ** springs," 
Q Gy with their rods, nuts and washers. The 
rods are pivoted to the weights, and the 
springs rest upon lugs on the arms of the 
dead-wheel. The springs are alike, and act 
as one. 

The Buckeye Engine. 

Q. What are the salient features of the 
** Buckeye" engine ? 

A. In the ** Buckeye" engine, designed 
by J. "W. Thompson, the main valve is box- 
shaped, and the steam enters it and passes 
through ports in this valve into the cylinder 
ports. The cut-off valve consists of two 
sliding plates, connected by rods, and slid- 
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ing on seats in tbe inner side of the main 
v^ve. Tbecut-oSTalvestempassestbrough 
the main valve stem. The valve is balanced 
by relief chambers, when needed. The gov- 
ernor is on the "is'n shaft, and shifts the 
out-off eooentric, 

Q. What is the ont-oS range of tbe Bnck- 
eye engine 3 

A. From zero to five-eighths. 
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The Cummer Engine. 

Q. What ar« the main distinguishing feat- 
ures of the Cummer engine ? 

A. Meyer cut-oflf valves, riding on the 
back of the main or admission valve ; ex- 
haust valves independent of admission and 
cut-off, all valves gridirons ; governor on a 
shaft separate from the main shaft, but par- 
allel thereto, and driven by gearing there- 
from ; two eocentries on the governor shaft; 
one of them loose on the shaft, and con- 
trolled, as to position, by links from the 
weights of the governor. 

Q. What is the piston speed in feet per 
minute for the Cummer engine ? 

A. Four hundred times the cube root of 
the stroke in feet. Thus, for three feet 
stroke, 400 x 1.442 = 576.8 feet per minute 
(say 575 to 600). 

The Egupse Cobliss Engine. 

Q. Describe the Eclipse (Frick) Corliss 
engine. 

A. The wrist-plate motion, Kg. 10, is 
of tl^e most familiar Corliss fo^n kftowu, 
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The dash pots, Figs. 11 and 13, act on the 
vaonum principle. The bed-plat« or frame 
is ol the girder type. The oroBshead, Figs. 
13, 14, and 16, mna in V-gaides ; the pis- 
ton, Figs. 16 and 17, is spring-packed. 
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The Fitchbubg Engine. 

Q. Describe the Fitchburg horizontal au- 
tomatic cut-off engine. 

A. The valve-gear is positive, with inde- 
pendent steam and ezhaust valves. The 
upper valves, worked by a wrist-plate, con- 
trol admission and cut-off ; the lower con- 
trol the exhaust and are adjustable inde- 
pendently of the others, but not automatic- 
ally. The valves are pistons (see Figs. 22 
and 23) with double ports, and are expan- 
sible to take up wear. The exhaust valves 
are on a line with the cylinder bottom. The 
governor (Fig. 21) has weights 0, acting 
on fulcrums 2>, to balance the weight of 
the eccentric and strap. The connecting 
rod G is attached to the suspension arm C 
at E^ acting directly on the eccentric, while 
the opposite rod G' is attached to the oppo- 
site arm C at F^ acting over the pin 2> as a 
fulcrum so that the outward motion of both 
the centrifugal weights H acts with equal 
power to move the eccentric across the 
shaft. By transferring the ends of the rods 
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96" from B to J" and from FtoE respect- 
ively the outward motion of the weights H 
throws the eccentric the other way and runs 
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the engine the other way ; a new eccentric, 
also in halves and with opposite offset being 
substituted. 

When the engine is below speed the eccen- 
tric is kept in its longest throw by the spring 
tension, and steam follows three-fourths 
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stroke ; but with proper speed the centrifu- 
gal action of the weights H overcarries the 
spring tension, and they move in the direc- 
tion of the arrows, lengthening the springs 
and sliding the eccentric across the shaft 
from 8 towards i2, lessening the eccentricity 
and giving earlier cut-off. 
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The Greene JSngine. 

Q. What is the essential feature of the 
Greene engine ? 

A. There are four flat valves ; the steam 
valves are attached to the cut-off gear by 
stems D, iX, shown in the detailed view, Fig. 
26, parallel to their seats, passing through 
stuffing boxes E^ J^, and connected to rock 
shafts, and driven by a sliding bar J, actu- 
ated by an eccentric set to drive it parallel 
with the cylinder axis, and coincident with 
the piston. This bar bears a pair of tappets 
6^, Q', adjusted vertically to engage drop 
toes KK' on rock shaft arms BB' on rock 
shafts AA' attached to the valve links inside 
the steam chest. The tappets were formerly 
held to their work by springs, and their posi- 
tion regulated by a Porter governor. They 
now have direct and rigid connection with 
the governor. The exhaust valves are grid- 
iron slides travelling across the cylinder 
line, and driven by a horizontal rock shaft 
extending forward to the eccentric ou the 
main shaft. 
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Q. What is the cut-off range in a Greene 
engine ? 

A. From zero to three-quarter stroke. 

Q. What limits the latest point of cut-of! 
in a Greene engine ? 

A. The lead, and the necessity of getting 
sure closure of the valve. 



The Ide Engine. 

Q. What are the peculiar features of the 
Ide engine ? 

A. In those of early build, admission and 
exhaust valve under cylinder, to cause con- 
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densed water to paaa out with the exhaust. 
In the new tj^ Bbowu in the illustrations, 
relief diaphragms, Fig. 80, placed below 
cylinder, to burst and give relief in case 
water is worlted into cylinder. Piston valve 
with spring ring packing and removable 
valve cylinders or bushings, to enable the 
valve to be maintained steam tight. Un- 
hooking of eccentric rod to permit reversing 
the engine to warm cylinder before starting, 
and enable the engineer to locate lost motion 
or loose bearings, which cause thumping. 
An indicator, which shows the point of cut- 
off, and indicates the amount of power the 
engine is developing at all times. Solid 
ends to counwting lod, with wedg« fall 
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Fis. aO; Idb Bcxanrnj Fnca. 
width of rod. Croeshead of box form, Figa. 
81, 114, and 116, playiDg ia guides bored 
ont the same size as the cylinder. Steam 
ches^fitted with cylindrical bushings, Fig. 
33. The valve (Fig. 83) is a hollow piston. 
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The Porter- Allen Engine. 

Q. What are the essential characteristics 
of the Porter- Allen engine ? 

A. One eccentric, bearing a link which 
operates two steam valves and two exhaust 
valves, and the block of which is controlled 
by a Porter governor. The upper end of 
the link drives the exhaust direct. The link 
is pivoted at the middle on trunnions held 
by an arm i*ocking on a pin in the bed-plate. 
The steam valves are at the upper side of 
the cylinder, and the exhaust on the lower; 
but the valves are set on their edges at either 
side of the cylinder. Each valve admits 
steam at all f oar edges simultaneously. 
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The Pobteb-Hamilton Engine. 

Q. What are the principal characteristics 
of the Porter-HamUton engine ? 

A. Overhung cylinder, a ribbed, hollow 
box-bed, of the Porter (usually called 
**Tangye") type, with the bottom of the 
guides a part of the main casting a main 
bearing split on its side, as shown in Fig. 
43; valve seat at the side of the cylin- 
der, and low down ; a single slide valve 
balanced by a Margach plate, and with uni- 
form motion, making two openings for ad- 
mission ; the second one by a passage be- 
hind the exhaust cavity, as shown in Fig. 38; 
although sometimes there is used a flat 
valve provided with a balance plate resting 
on ledges (see Fig. 40) ; wide hollow piston 
(see Fig. 38) forced on the rod, and the 
rod end riveted. The crosshead is pur- 
posely heavy. The overhang of the crank is 
very slight. The crank pin diameter is 
greater than its working length. There is 
a Kirkevaag drop hook (Fig. 41) which en- 
ables disconnection from the rocker pin 
without lifting the eccentric rod. 
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Fiol 43. Portbr-Hamilton, Main Bbabino. 

The Putnam Engine. 

Q. "What is the construction and opera- 
tion of the valve gear of the Putnam high 
pressure, variable cut off engine ? 

A. The valves are operated by a side- 
shaft placed parallel with the axis of the 
cylinder, and extending beneath the valve- 
chests and operated by the main shaft 
through suitable gearings, as shown in Fig. 
44. The steam chests are placed one at each 
end of the cylinder. On this shaft are 
placed four cams — one for each valve — 
shaped as shown in Fig. 46. The cams oper- 
ate, by raising the free ends, cam-levers, 
which in turn actuate the valves. The two 




onter or exbanst Gam-leyers are Jonmaled 
to arms projecting from the engine bed, bo 
that their free ends have an np-and-dowa 
movement, but no horizontal morement 
toward or from the cam shaft. The more- 
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ment of the exhaust valves, therefore, is 
never altered. 

The outer ends of the levers operating 
the inlet valves are pivoted to the upper 
ends of arms rigidly secured to a shaft 
placed parallel with and outside of the 
cam-shaft, and having at its centre a third 
arm, E, Fig. 46, which extends to and unites 
with the governor rod. The governor, of 
the ball type, is driven by bevel gears from 
the cam shaft, and its lower end is slotted 
to inclose the cam shaft, and extend to the 
arm E. The raising and lowering of the 
governor rod will partly turn the shaft 
carrying the arm and thereby move the inlet- 
cam levers toward or from the valve stems 
in a horizontal direction. The free ends of 
these levers are shaped as shown in Fig. 46 
the under side of the lever being cut away 
on a curve directly over the cam. When 
the cam lever is in the position shown in 
Fig. 46, it will not be lifted by the cam, 
which revolves in the direction of the hands 
of a watch. The governor balls are now 
at their highest possible point. In Fig. 47 
the governor-balls are shown at their lowest 
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Fio. 46. Ptttnam Governor. 

position, and the cam will now strike the 
shoulder of the lever and open the valves 
the longest possible time. The valves are 
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Fio. 47. Putnam Governor. 

seated by their own weight and by the 
action of springs arranged as shown in Fig. 
45, and also by the cams striking an inclined 



projection on stands, thus making the re- 
turn of the valve positive. Jarring of the 
valve at seating is prevented hy the curved 
form of the shoulder on the cam lever, which 
rides upon the cam and brings the vidve 
gently to its seat. 

The Bussell Engine. 

Q. Describe the Bussell engine ? 

A. Fig, 48 shows the design up to and 
including 11" x 16"; Fig. 49, the 11" x 18" 
and upwards. The bed is '* semi-girder " in 
type, on all sizes up to 11" x 16"; on larger 
sizes it is of the so-called Tangye type, with 
locomotive girders, cylinder overhung ; 
guides bored ; crosshead pin in centre of 
length of the head ; crosshead clamped to 
the piston rod; connecting rod with solid 
ends and wedge adjustments ; crank of disc 
type. The governor (see Figs. 50 and 52) 
shifts the eccentric across the shaft, thus al- 
tering eccentric throw and valve travel. 
The lead is constant for all points of cut-off. 
There are two sets of governor weights 
pivoted near the case-rim. Their outward 
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movement (which is resisted by regulatable 
springs) rotates the inner eccentric on the 
governor-case hub. The main (or valve-op- 
erating) eccentric is slotted to permit it to 
move across the shaft. The inner eccentric 
strap acts as a crosshead, converting the 
rotary motion of the inner eccentric into 
reciprocating motion of the main eccentric. 
The valve (see Fig. 53) is double ported 
and in one piece; takes steam internally, 
and has needle-hole ports through which 
enough pressure is carried to its back, to 
hold it to its seat. It can lift V' on its 
seat. 

The Straight-Line Engine. 

Q. What are the principal features of the 
" Straight Line" engine? 

A. The ** Straight Line" engine of Prof. 
J. E. Sweet has two straight, diverging 
struts from the cylinder to the two main 
bearings ; is carried on three points of sup- 
port. There are two fly wheels, between 

* Instructions for setting up and adjusting will be 
found under head " Setting up and Adjusting.'* 
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the main bearings, which serve as the crank. 
The yalve chest is on the side, and in 
donble valTe engines on each side. There 
are no stuffing boxes, the rods passing 
through babbitted bushings. The cross- 
head is long and largely overruns the guides 
at each end of the stroke. The crosshead 
pin turns in two boxes in the crosshead and 
all are cut away at top and bottom. The 
valve is a rectangular plate, sliding between 
the seat and a pressure plate. There are 
recesses in the pressure plate opposite the 
steam and exhaust ports, and double ports 
through the valve, giving a double port 
opening to both steam and exhaust. The 
pressure plate can lift away from the valve 
in case of over-compression or of water in 
the cylinder. The eccentric has the Dodd 
motion, being carried on a lever pivoted at 
one side of the shaft, the governor rod being 
attached on the other side. Changing the 
cut-off gives a variable lead; positive at late 
cut-off and negative at early cut-off. The 
governor has a single ball, which is counter- 
balanced by the eccentric and its attach- 
ments, and a metal b^iid is used in place of 
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links. The pistoD (see Figs. 58 and 59), is 
verj- long and light. The piston rod pack- 
ings are simply babbitt busbings with 
reamed holes, (see Fig. 60) and prevent 
Bteam leak by their length. 
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The Twiss Engine. 

Q. Give a general description of the Twias 
horizontal automatic ciit-oS engine. 

A. The general design is of the Corliss or 
girder type. The cylinder frame and pillow 
block are cast separately and bolted to- 
gether; the frame squared up and the guides 
bored out at same time so that they may be 
in line with the cylinder. The steam chest 
is underneath. The steam chest is piei-ced 
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at each end, directly under the cylinder bore, 
for four circular slide valves ; there being at 
each end one main valve and one cut-oil 
valve. The main valve admits and exhausts 
the steam, and the cut-ofE valves, which are 
inside of the main valves and 
concentric with it, have a 
M| double opening. The main 

II valves get their motion by 

■i drivers, having hollow stems 

Hi passing through long bonnets 

If secured to the steam chest; 

to these stems cranks are 
tcyed. These cranks are con- 
nected together by a pitman, 
(which receives its motion from 
an eccentric on the main shaft; 
and on the larger sizes the ec- 
centric rod is made to disen- 
g^e, by which means the en- 
I gine may be worked forward 
or backward by hand. The 
cut-off valves get their motion 
by stems which pass through 
the hollow stems of the main 
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which the cranks are keyed. These cranks 
are also connected together by a pitman, 
and receive their motion from another ec- 
centric on the main shaft. As now made, 
the valve gear is positive closing. 

Q. What makes the Twiss engine auto- 
matic ? 

A. A link is interposed between the ec- 
centric and the cut-off valves*, and the link 
block is so attached to the governor that 
when the balls are raised and lowered, the 
link block will be moved towards and from 
the centre of oscillation of the link, thus 
effecting an earlier or later cut-off. 

Q. What is the range of cut-off ? 

A. From zero to five-eighths stroke. 

The Watertown Engine. 

Q. Describe the Watertown automatic 
slide valve horizontal engine. 

A. This engine (see Figs. 63 and 143) 
has a box-bed, locomotive guides, and sepa- 
rate outboard bearing ; chest on the side; 
fly-ball governor, disc crank. The main 
valve (see section, Fig. 65) plays on a 
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three-ported seat like an ordinary *' short D" 
valve, and has its fixed lap, lead, and ex- 
haust closure. It is driven by an ordinary 
eccentric. Through it pass steam passages 
which on its back take a diagonal form 
(see C, D, Fig. 64). Riding on the back 
of the main valve is a trapezoidal cut-oflf 
valve, on the back of which is a rack engag- 
ing a pinion on the cut-ofE rod B^ which is 
operated by a second and independent ec- 
centric on the main shaft. This eccentric 
has no lead and follows the main eccentric. 
Rotation of the rod carrying the cut-off 
valve, raises or lowers the valve, thus clos- 
ing or opening the steam passages. The 
governor is a ** fly ball," with crossed arms. 
On the bottom of its stem is a vertical rack 
which engages a segment on the cat-off 
valve rod. Increased shaft speed raises 
the governor stem and closes the steam pas- 
sages through the main valve. 



Thi Whbelock Engines. 

Q. "Wliat are the leading featnrea of tbe 
Wheelock plug valve engine t 

A, There are two plug valves across and 
below each end of tiie cylinder (see Figs. 



68, 67, and 89). The main valve, which 
admits and eshausts steam, plays upon an 
admission and an exhanst port in a cylin- 
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drical chamber. There is but one port in 
each end of the cylinder. The cut-off valve 
plays upon a seat in the side of this chamber, 
into which it admits steam from the chest. 
The main valve gear is an ordinary eccen- 
tric rod, disetigagable by the engineer. The 
eut-off is worked from the main valve 



crank. The valves are hung on trunnions 
and are adjustable endwise to take up cir- 
cumferential wear. The throttle valve 
(Fig. 68) is beneath, and the steam presses 
it to its seat. The frame is of the girder 
type, with crescent-formed slides. There is 
a fly- ball governor. 
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Q. What ia the principal characteristic 
of the '' new type" of ff heelock oDgine ? 

A. The valve, which is a flat slide, very 
narrow in the direction of its throw (which 
in short), and playing on a gridiron seat, 
being given its motion by a knuckle>juiai. 
The valve and seat are pushed into cylin- 
drical boxes underneath and athwart the 
cylinder (see Figs. TO and 71.) 
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The ■Westinqhouse "Standard" Enoine. 

Q. What are the leading features of the 
Westinghouae " Standard " engine ) 

A. It is single-acting, duplex, vertical, 
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taking steam onl; at the upper end, and 
ruaniog at high speeds. The pistons are of 
trunk form, open below and carrying wrisi 
pins hb, Fig. 75. The crank shaft bearings 
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are remoTable babbitt-lined shells dd. The 
valve Fis a piston, playing in a removable 
bnshing. The valve guide / serves in lieu 
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of stnfflng box against the exhaust steam in 
the passage above it. Water is supplied 
to the crank cap and oil floats thereon for 
lubrication of the crank pin. Q and R are 
steam and eshaust connections. The gov- 



ernor (Figs. 78 and 7B) is on the shaft, 
between the cranlca. The disc A is keyed 
to one of the cranks ; the loose eccentrio C 
is suspended by the arm c from the pin d. 
SB are the governor weights, pivoted on 
the pins 66,' one of the weights being con- 
nected to the eccentric by the link /, and 
both weights connected by the link e. Coil 
springs SD act against the weights. The 
eccentric encircles the shaft iS. The stops 
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W 



8s limit the motion of the weights. Fig. 79 
shows the governor weights at rest; Fig. 78 
at earliest cut-off. Pop- off valves, Figs. 76 
and 77, save the heads in case of water 
working over too fast. 
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Latest Cut-ofp. 
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Fig. 79. Wkstinqhousk Governor, Position op 
Earliest Cut-off. 
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The Tbbhpeb Cut-off. 

Q. Describe tbe Tremper cut-off, such a^ 
is used on the engines built by the Pusey 
& Jones Co., and by the Beckett & McDow- 
ell Manufacturing Co. 

A. ff, Fig. 31 is the lower end of the gov- 
ernor ball stem, which issecurely fastened to 
thewedgeff"; iiarethe lifters; Cthebell 
crank, which is operated by a connection 
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with the eccentric rod or any convenient 
place ; F is the valve stem, to the upper 
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end of v/liich the beater B is attached, the 
lower end being attached to the cut-off valve 
shown in Fig. 83. The movement of the 
beater is identical with that of the valve. 
The connecting rod before referred to im- 
parts a rocking motion to the bell crank, 
which moves the lifters upward and down- 
ward, alternately, a given distance. The 
hardened steel plates, fitted into the lifters, 
project far enough to engage with corre- 
sponding plates, in the beater. When the 
cone or wedge W is permitted by the gov- 
ernor balls to rise to its full height, one of 
the lifters will carry the beater upward, 
opening the cut-off valve ; and as the steel 
plates are not, under these circumstances, 
disengaged by the wedge, the valve will re- 
main open until it is closed by following the 
lifter in its downward movement ; it is then 
re-opened by the lifter on the opposite side, 
which represents the return-stroke of the 
engine piston. Under these conditions, the 
engine carries full stroke. " The steam is 
not being cut off any earlier than is done by 
the slide or other valve in the steam chest, 
but is admitted to both ends of the cylinder, 
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and the full power of the engine is being 
developed. 

Should the engine be suddenly relieved 
of part of its load, the full power not being 
required, the wedge W is moved downward 
by the operation of the governor balls ; and 
the lifter sliding outward as it moves upward, 
is disengaged from the beater, the valve 
drops, covering its ports, and cutting off the 
passage of steam into the cylinder. The 
only duty the governor balls have to per- 
form, is to determine the position of the 
wedge TT. The power required to move the 
valve is obtained directly from the engine 
itself, operating through the bell-crank and 
lifters. 

The fall of the valve and its connections 
is broken by being received on the rubber 
or cork ring -R, which lies in a recess on top 
of the projecting arm H ; this arm being 
part of the governor frame. 
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SHIPPING AND RECEIVING. 

Q. In preparing a portable engine for 
shipment what should one do ? 

A. Take off all projecting parts that are 
liable to be broken or stolen, and carefully 
pack them in boxes, making a ** Packing 
List," signed by the packer, as each piece 
is packed and is placed in the box. The 
finished parts of the engine should be cov- 
ered with a coat of tallow and white lead, 
to keep them from rusting. 

Q. When the engine is received what 
should be done ? 

A. The recipient should remove all the 
boxes and take the parts out ; compare the 
parts with the '* Packing List" mentioned 
above, and if there are any parts missing 
that are marked as being included in the 
box, the shipper should be notified at once; 
clean the parts off carefully and place them 
in their places. Clean off the tallow and 
white lead coating, as well as the dirt on 
the whole engine, which is liable to accu- 
mulate on it in jrailroad shipment. 
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FOUNDATIONS. 

Q. What is the easiest bottom on which 
to build a foundation ? 

A. Bock ; the next easiest, what may be 
called a ** general " bottom. 

Q. What is the first thing to be done on 
a ** general " bottom ? 

A. Dig out about li feet below the en- 
gine foundation proper, level it off, sprinkle 
with water, and tamp with a rammer ; then J 

fill in 3 inches of gravel and ram that, and 
so on by 3-inch layers well rammed, until 
the 18 inches are filled. 

Q. What should be the dimensions of 
this gravel bed ? 

A. About 2 to 3 feet larger each way 
than the area of the foundation proper. 

Q. What follows the gravel bed ? 

A. Brick courses, say five layers, *' bat- 
tered " up to the dimensions of the founda- 
tions proper. 

Q. What is the most unfavorable kind of 
bottom ? 
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A. Quicksand. 

Q. How may this be handled ? 

A. By driving down small stones by a 3- 
ton rammer, falling 10 to 36 feet. 

Q. Is there any other way ? 

A. Yes ; the most common way is to 
drive in sheet piling around where you want 
to dig, driving down further as you dig 
down ; and to put in a bed of concrete 
made with hydraulic cement, and brick bats 
or broken stone. 

Q. Why not use crib work ? 

A. If one side or corner goes down it 
carries the rest with it. 

Q. What is the best mortar to use in 
brick- work for engine foundations ? 

A. Cement and sharp sand, equal parts. 

Q. Should any special provision be made 
for the foot pieces of the engine (if there 
should be such foot pieces instead of a con- 
tinuous box bed) to rest on ? 

A. It is well to provide special granite 
bearing pieces for these foot pieces, as well 
as for the foundation bolts. 

Q. What arrangement should be made to 
ensure the proper position of all bolt holes ? 
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A. A wooden templet of boards 6x1 
inches, with all bolt holes made therein, 
should be sent by the engine builder before 
the foundation is begun, and should be sus- 
pended above the foundation so that the bolt 
holes can be located, and kept centred as the 
foundation is built up, by means of plumb- 
lines dropped from the holes in the templet. 

Q. Suppose no templet is received, only 
a drawing accurately showing the position 
of bolt holes : what can be done in order to 
ensure that the latter come right ? 

A. Either make a templet from the draw- 
ings, or go to work as follows : 

Establish the centre line of the shaft on 
the side wall of the engine room ; mark 
this plainly ; run a horizontal line on the 
wall through this; plumb down from this 
and draw another line parallel thereto; take 
perpendicular offsets from this line, at such 
a horizontal distance from the centre line 
and from each other as to pass through 
where the bolt holes should come ; measure 
on these offsets horizontal distances of the 
bolt holes from the line and from each 
other, so as to locate the bolt holes. Prove 
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the work by diagonal lines from bolt-hole 
position to bolt-hole position. 

Q. Is there no better way than this ? 

A. Yes ; make a rectangular board frame, 
and stretch lines across it, parallel to its 
sides, at such distances that they shall in- 
tersect over bolt-hole centres. 

Q. What provision may be made for er- 
rors in bolt position, and to keep the bolts 
from touching the masonry ? 

A. Make short, stout wooden boxes or 
pipes, about 3 inches square inside ; build 
around these and pull them up as the ma- 
sonry rises. 

Q. How about provision for the floor- 
ing? 

A. There should be built into the ma- 
sonry, at proper heights, pieces of joist to 
carry the regular floor joists ; or places 
should be left for the ends of the latter. 

Q. What precaution is found desirable in 
setting the cap stones ? 

A. To leave them nearly J inch too high, 
and dress them off just where the foot 
pieces come. 

Q. How are these dressed down to level ? 
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A. Take a 3-foot level, a 14-foot straight 
edge, a bush hammer, and some 2-inch cu- 
bical blocks, to act as rests for the levels ; 
bush down one place about 2 inches square ; 
then another at the greatest possible dis- 
tance therefrom ; see that the bottoms of 
these places are at the same level ; then 
bush down other distant places ; then es- 
tablish the levels of nearer places, and so 
on ; and finally dress out between these 
trial places, to the required areas and out- 
lines. 

Q. How should the cement and sand be 
mixed? 

A. Dry, and in small quantities, and the 
necessary water added when needed ; else 
it will **set," and be of no use. 

Q. What is a good way to lay up the 
brick foundations ? 

A. Lay the brick in ordinary mortar, 
following the outline of each course like an 
8-inch or 12-inch wall ; then lay the brick 
in the middle portions dry, and grout in 
very thin cement mortar ; doing this two 
courses at a time, and not forgetting to 
'* bond " the outer portions with the inner. 
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Q. What would be a qniek way to facili- 
tate getting a foundation ready, where one 
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engine was to be taken out and another one 
to taVe its place ! 
A. To make the foundation, except at 
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and near the top, of rubble, and to put. the 
Btonee together roughly without mortar, 
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and mark them, before stopping the old 
engine. 
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Q. In making the foundation, suppose 
ledge or hard pan cannot be reached : what 
should be done ? 

A. If near water, digging should be done 
below water level, if that is not too far to 
be practicable ; then lay a timber platform, 
on which put a layer of concrete or beton, 
having double the area of the engine floor 
space, and strong enough not to be cracked 
by the mass of foundation and the engine 
itself. Then lay on this the foundation 
proper of brick or stone, as desired. 

Q. Should the jack shaft have a separate 
foundation ? 

A. No ; it should be borne by the main 
foundation. 

Q. Is it advisable to set an engine foun- 
dation on plank when there is water on the 
bottom of pit ? 

A. No. Use large stone at the bottom, 
laid in hydraulic cement. 
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ERECTING AND STARTING. 

Q. Who should do the erecting and start- 
ing of an engine ? 

A. The builder, who should keep control 
of it until it is formally accepted by the 
purchaser. 

Q. Does this take away from the pur- 
chaser the responsibility or duty of inspect- 
ing the foundations and setting from the 
very first ? 

A. No; if he passes a fault without pro- 
test, he should stand by it. 

Q. Before putting up the engine, what in- 
spection should be made of the cylinder ? 

A. It should be wiped out with care and 
searched all along its bore for patches or 
plugs or for holes; then the bore should be 
gauged from one end to the other. 

Q. Should a variation in cylinder diam- 
eter be passed ? 

A. A slight barreling or hour-glassing 
may be passed if the bore is circular in 
every cross-section. 
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Q. What will render patches more readily 
found ? 

A. Washing the surface with a weak solu- 
tion of sal ammoniac to start rust, which 
will at once show any difference in the 
grain of the metal. 

Q. Should there be any gaskets or similar 
packing allowed for ** permanent" joints ; 
that is, those which do not have to be 
broken for inspection or repair ? 

A. No ; such joints should be made with 
red lead well stiffened with black oxide of 
manganese. 

Q. Before starting up what is a good 
thing to do as regards the joints ? 

A. To let just a little steam in through 
the engine for a day or two to bake all 
joints and set them well before they get 
strain upon them. 

Q. What special precautions should be 
taken in starting up large engines ? 

A. To start them only after the cylinder 
has been thoroughly warmed. 

Q. What class of engines is it specially 
needful to start very slowly ? 

A. Those which have a cylinder jacket 
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with live or exhaust steam in it; as other- 
wise they are liable to be cracked by un- 
eqaal expansion. 

Q. In starting up a new Corliss engine, is 
it advisable to work the wrist-plate motion 
by hand so as to run the engine backward 
and forward ? 

A. No; if there are any quarter turn or 
twist belts they may be thrown off by this 
operation ; or belts may be on loose pulleys 
and may run valuable machinery backward, 
to its detriment or ruin. 

Q. How can you show the irregularity of 
motion of the fly wheel of a large engine ? 

A. By covering about a foot of the length 
of the shaft with paper, smoked over its 
entire surface; arranging a tuning fork 
making about one hundred vibrations per 
second, so that a light point on the end of 
one of its prongs will touch the surface of 
the smoked paper, while at the same time 
giving the fork a uniform motion in the di- 
rection of the axis of the shaft; thus the 
vibrations of the fork when struck and ap- 
plied to the paper, will be recorded upon it 
during several revolutions of the shaft. The 
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irregularity may be measured by counting 
the number of vibrations in any given 
lengthwise space around different parts of 
the shaft. 

Q. Is it to be recorded as a bad sign if 
very large engines pound in the bearings 
and pins of the connecting rods at the be- 
ginning of each stroke, when first set up ? 

A. No; because any large piece of ma- 
chinery running at slow speed will need to 
be run rather loosely at first until the parts 
wear closely to the proper dimensions and 
shape, when they can be adjusted and the 
lost motion taken up. 

Q. How can you test whether or not a 
shaft lies fairly in its bearings ? 

A. By rotating it entirely dry. Bright- 
ened rings will show what parts of the jour- 
nals have found bearings, and on lifting the 
shaft bright spots on the babbitt-metal will 
show where these bearings wear. 

Q. When an engine is stopped, what 
should be done ? 

A. It should be wiped clean all over where 
it has not been possible to wipe it while 
running; all bearings and parts should be 



Engine Runner's Catechism. 109 

examined to see that they are in good con- 
dition; and all oil cups filled and seen to be 
in working order; if not in such condition 
they should be put right. 

Q. If there is an independent condenser, 
with air pump, should that be started be- 
fore or after the engine ? 

A. Before; that can be done while the 
engine joints are baking. 

Q. In starting up should the engine be 
run slowly or fast ? 

A. Very slowly for quite a while and the 
bearings watched closely the while. 

Q If the journals are not round, and 
should run warm, how may they be brought 
into shape ? 

A. By running slowly with the caps off 
for a while, gradually increasing the speed. 

Q. Before putting the full load on, what 
should be done with the cylinder ? 

A. The head should be removed and the 
bore examined; or the ports at one end 
blocked with soft pine wood so that the en- 
gine can be run for a few moments with one 
head off to test the piston packing; then 
after the head is put on the engine may be 
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run full speed without any load, then full 
load put on slowly, then full load with full 
speed. 

Q. Can an engine be correctly lined up 
by fastening one end of the thread to a 
stick set up at the crank, and the other end 
fastened to a centre placed in the *^ head" 
end of the cylinder ? 

A. Many engines can be so lined up cor- 
rectly enough for all practical purposes, if 
the person doiug it is a competent practical 
mechanic. 

Q. What are the details of the operation? 

A. ** Make an accurate centre for the for- 
ward or plain head of cylinder with centre 
line drawn through the stuffing-box, 
place the wrist-pin at outer end of the 
stroke, fasten the opposite end to centre of 
wrist-pin, placing line on a level with centre 
of shaft. With a pair of inside calipers 
note how the centre line is located in the 
chamber of the stuffing-box at cross-head 
end of cylinder; whether it is in centre or 
to the right or left. If the line is in the 
centre at outer end of stroke, then turn the 
orankto the inner end of the stroke and 
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try again, being carefal in both instances 
to have the line exactly in centre of wrist- 
pin. Then again measure position of line 
in stuffing-box chamber. This will prove 
whether the shaft is at a right angle with 
the line of engine or not. If not at a right 
angle, square the shaft first. Then after 
that is accomplished, put the crank on outer 
end of stroke on level with centre of shaft 
and line up cylinder and guides accord- 
ingly." 

Q. How can you find the dead points ? 

A. Key up reasonably tight on the main 
bearings and the connecting rod ends ; turn 
the engine over until the cross-head is a few 
inches from the stroke end ; scribe the 
slides and guides so as to fix this point and 
also scribe the fly-wheel rim, or tram it, in 
relation with some fixed point on the frame 
or foundation; turn the engine over past 
the centre until the scribe marks on slides 
and guides can correspond, taking up the 
lost motion in the same direction as before; 
mark the corresponding point on the fly- 
wheel rim, in relation with the same fixed 
point as before; evenly divide the distAUoe 
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between these two marks on the flv wheel 
and bring the point of division to the same 
point where the other two scribe marks 
were. Get the other dead point in the same 
way at the other end. 

Q. How can you make the permanent 
clearance marks on the slides ? 

A. Disconnect the main rod and bring 
the piston up against the heads; and if the 
piston rod screws into the cross-head, there 
should be scribe marks made upon the two 
pieces, as the clearance marks are of use 
only when the rod is screwed into the cross- 
head exactly as much as when these marks 
were made. 

Q. Where engines are upon an upper floor, 
what precaution must be taken ? 

A. Not to let them have the same num- 
ber of revolutions, or any number which 
will not be ** prime" to each other. Thus 
you may have two engines running 260 
each, and they will shake any building; but 
let one run 259i and they will not keep step; 
in fact, it will be 1040 revolutions of the 
faster one, between the times when they 
make their strokes together. 
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Q. How would you line a beam engine 
afloat ? 

A. First draw a line from the bottom of 
the cylinder, and central with it, to a yoke 
fastened to the end beam pin. Next draw 
a line from a similar yoke on the beam- pin 
connecting rod end to the bottom of the 
boat, passing the cranks between the ends 
of the shafts. Sight this line out of wind 
with the line through the cylinder. 

Q. How else may the central position of 
this line be determined f 

A. By placing the crank on the top cen- 
tre, then on the bottom, noting the error, 
if there be any, and dividing this error. 

Q. If after this line has been adjusted 
the crank swing out of truth, what must be 
done? 

A. The outboard end must be raised or 
lowered to strike the line central with crank 
pin both top and bottom. 

Q. WTiatnext? 

A. Draw a line fore and aft above the top 
of the cylinder, intersecting the Vertical 
lines through cylinder and between cranks. 
Now draw a line fore and aft above the 
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centre of the shaft, intersecting the line be- 
tween cranks and sighting out of wind with 
the upper fore and aft line. 

Q. How are the shafts to be lined ? 

A. The driving crank must be turned 
from the top centre to the bottom centre, 
also to the half centres and the outboard end 
of shaft adjusted to make this crank pin 
strike central both top and bottom, also fore 
and aft with the lines. 

Q. How is one to line the drag crank ? 

A. By taking a two- foot try-square, plac- 
ing it against the face of the driving crank, 
the blade extending across the drag crank, 
on which a line is scribed ; then turning the 
cranks on the opposite centre and applying 
the square from the same points. If the 
square lines with the scribe line, the cranks 
are true with each other and the shafts are 
of the same heights. This same test should 
be applied on the half centres as well. 

Q. How is the working beam to be lined t 

A. We have now a line central in the cyl- 
inder, and one also central with the cranks. 
Should they not strike the centre line of the 
yokes on the beam pins, it will be seen at 
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once that the beam should be moved bodUy 
to one side or the other, or the port or star- 
board pedestal either forward or aft; keep- 
ing the vertical lines out of wind at the 
same time. 

Having the beam lined fore and aft, to line 
it horizontally — first put the cylinder end 
of the beam on the top centre, then on the 
bottom centre, trying the lines at each point: 
if the line keeps true with the centre of the 
cylinder, the beam pedestals are correct. If 
the beam shows by this trial to cross the 
line, the port or starboard pedestal should 
be raised or lowered to suit. 

Q. How are the guides then set ? 

A. By the centre line, by trying top and 
bottom. 
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VALVE SETTING. 

Q. How would you go about it to set a 
liuk motion marine engine ? 

A. Block the valve at its centre of mo- 
tion ; adjust the valve down so that when 
the valve is at mid-travel the stem shall be 
so too. Turn the eccentric so that its belly 
shall line with the link-block centre. If the 
link has the rods attached to its ends, ad- 
just the rods to a length equal to the dis- 
tance from the strap to the pin centre, plus 
half the eccentric throw. Connect the link 
and receiving gear ; put on top centre ; turn 
the eccentric until the valve has the right 
lead in full gear of either motion. Put on 
the bottom centre and see that the lead is 
the same in full gear of either motion, at 
that end as in the other centre. If the lead 
is not equal, a,djust the eccentric rod 
lengths until half the difference is taken 
out, and ship the eccentrics for the other 
half. 

Q. How would you set the main valve of 
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a slide-valve marine engine, having a rock 
shaft, indirect hook motion, and riding cut- 
off valves, adjustable at different points by 
sword arrangement operated indirectly ? 

A. Put the main valve at mid-travel, 
block it there, adjust the valve-stem length 
so that the rock-shaft arm shall be at right 
angles with the centre line of the engine. 
Turn the throw of one eccentric in line with 
the centre of the eccentric-hook pin. Ad- 
just the eccentric rods to a length equal to 
the distance from eccentric strap to hook- 
pin centre, plus half the eccentric throw. 
Hook the forward motion eccentric in gear. 
Put the engine on the top centre. Shift 
the eccentric backward to give the required 
angular lead. Fasten the eccentric. Do 
the same thing with the backing eccentric, 
in the other direction. Put the engine on 
the lower centre. If the lineal leads are not 
equal, adjust the eccentric rod one half the 
difference and move the eccentric to adjust 
the other half. 

Q. How would you set the riding cut-off 
valve in the foregoing case ? 

A. Block the cut-off valve at its centre 
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of motion, leaving the connecting-rod clutch 
loose on the stem. Block the sword arm at 
its centre of motion, so that if the head be 
moved on it, the clutch will not be moved 
on the valve stem. Turn the belly of the 
cut-off eccentric in line with the rock-shaft 
arm pin. Adjust the cut-off eccentric rod 
to a length equal to half the throw of the 
eccentric plus the distance from the strap 
to the pin. Put the engine at the shortest 
point at which you may wish to cut off. 
Slide the head on the sword arm to its 
greatest limit of motion ; turn the cut-off 
eccentric towards the belly of the go-ahead 
eccentric until the back port in the main 
valve is closed. Turn the engine until the 
piston is in the same position relative to the 
other end of its stroke, and see if the front 
port of the main valve is closed. If not, 
adjust the cut-off eccentric-rod length for 
half the amount of difference, and shift the 
eccentric for the other half. This sets the 
valve for that extreme point of the cut-off, 
and for that point only. (To equalize it for 
all points is impossible.) Now turn the en- 
gine to that point at which cut-off will be 
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most frequent, move the sword-arm head 
towards the rock shaft until the main valve 
port is just closed ; scribe the position of 
the valve-stem clutch ; turn the engine to 
the same piston position at the other end 
of the stroke ; move the sword-arm head 
until the other main port is just closed ; 
unscrew the valve-stem clutch, and run the 
valve just half the difference of the two 
sword-arm positions and refasten the 
clutch. 

Q. What is the first thing to do in setting 
beam-engine valves ? 

A. Assuming that the rock-shaft arm is 
keyed on to the rock shaft in its proper re- 
lation to the centre line of motion of the 
eccentric rod, and that the wipers are keyed 
on to the rock shaft, in their proper rela- 
tion to the rock-shaft arm, which is always 
the case in properly constructed engines, — 
the first step is to ascertain the proper 
length of the eccentric rod. 

Q. What is the most convenient starting- 
point for doing so ? 

A. From the centre of motion of the 
valve gear. 
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Q. How do you set about this ? 

A. Set and hold the rock shaft at the 
centre of its motion. 

Q. When is this ? 

A. "When the lifting rods are down, the 
valves seated, and the lifting toes adjusted 
the right distance from the rock shaft, and 
straight with each other, so that the ends 
of both wipers will be the same distance 
from their respective toes. 

Q. What are the next steps ? 

A. Next, put the main crank on the 
centre, and turn the belly of the eccen- 
tric directly in line towards the centre of 
the eccentric-hook pin ; make a fine prick- 
punch mark on the edge of the pin, and 
one on the edge of the hook strap, and set 
a pair of compasses corresponding to the 
distance between those marks, and measure 
it. Add to that distance half the throw of 
the eccentric ; reset the compasses to that 
length, and move the eccentric until the 
prick-punch marks and compasses again 
correspond, and adjust the length of eccen- 
tric rod so that the hook will just engage 
the eccentric-hook pin while the eccentric 



— .» *«•- 



Engine Hunnbk's Catbchisic. 121 

is held at that position ; then slack up the 
rock shaft so that it can be moved, hook 
on the eccentric rod, and turn the eccentric 
in the direction to raise the required valve 
until it has the proper lead ; then (if the 
engine is of the style that has two eccen- 
trics and two rock shafts), proceed in the 
same manner with the exhaust- valve gear, 
and the valves are set. 

Q. How do you prove the accuracy of 
adjustment ? 

A. Turn the main crank to its opposite 
centre, and if there be a difference in the 
lead, either lengthen or shorten the eccen- 
tric rod to make up half that difference, and 
turn the eccentric to make the other half ; 
fasten the eccentric on the shaft and the 
valves will be right. 

Q. Can there be any general rule given 
as to how the eccentrics should be placed in 
relation to the crank ? 

A. No ; as that depends upon the relative 
arrangement of the lifters, valves, wipers, 
and rock-shaft arms. 

Q. How do you set a direct-acting, hook- 
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motion, slide valve with riding cut-off valve, 
adjustable by a sword arm ? 

A. First find the centre of the main-valve 
motion by moving it until it just begins to 
open one steam port, and make a mark 
upon the cylinder face at the end of the 
valve, or upon any convenient part that will 
designate its location at that point. Then 
move the valve until it just begins to open 
the other steam port, and measure the dis- 
tance it has travelled from the mark just 
made ; half that distance is the centre of 
the valve's motion. Then block the valve 
at the centre of its motion. 

Q. How do you ascertain the exact throw 
of the eccentrics ? 

A. Subtract the distance from the shaft 
to the outside of the eccentric on its short 
side, from the distance from the shaft to 
the outside of it on the long side ; the re- 
mainder is the throw of the eccentric. 

Q. How do you ascertain the length of 
the eccentric connection ? 

A. Turn the long side, or belly of the 
eccentric directly towards the hook pin, and 
measure the distance from the eccentric- 
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strap to the hook pin ; add to it half the 
throw of the eccentric, and adjust the ec- 
centric connections to that length ; then 
fasten it to the strap and hook it to the pin. 

Q. What is the next step ? 

A. Put the crank pin on its centre near- 
est the cylinder, and turn the go-ahead ec- 
centric in the direction you want the engine 
to run, until the valve has the proper lead ; 
then fasten it to the shaft. Do the same by 
the backing eccentric, except to turn its 
belly in the opposite direction, and you 
have set the main valve without having 
turned the engine. 

Q. How do you prove the accuracy of 
this? 

A. Turn the crank pin to its opposite 
centre, and if the valve has the same lead 
there, it is correct ; but should there be a 
difference, either lengthen or shorten the 
eccentric connections to make up half that 
difference, and move the eccentric suffi- 
ciently to make up the other half, and the 
valves will be correct. 

Q. How do you set the cut-off valve ? 

A. Block the main valve at its centre of 
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motion, and by it block the cut-off valve at 
its centre of motion ; then block the sword- 
arm at its centre of motion, which is a po- 
sition at which traversing the shifting head 
will not move the valve stem ; then fasten 
the valve on the stem. Next, turn the 
belly of the cut-off eccentric directly to- 
wards the connecting pin in the end of the 
sword arm, and measure the distance from 
the pin to the eccentric- strap ; add to that 
distance half the throw of the eccentric ; 
adjust the eccentric connection to that 
length and connect it on. Next, hook the 
main valve in gear to go ahead ; move the 
engine to the shortest point at which you 
wish the steam to follow the piston ; move 
the block out on the sword arm to the ex- 
tremity of its motion, and turn the eccen- 
tric in the direction the engine is to run 
until the steam port in the back of the main 
valve is closed, and you have set the cut- 
off valve. 

Q. How do you prove it ? 

A. Turn the crank to a point the same 
distance from the opposite centre, and if 
there be a difference, proceed to correct it 



Enoinb Runner's Catschism. 125 

in the same manner as you did the main 
valve. 

Q. Are these mles invariable ? 

A. No. In setting the valves of some 
engines it would be necessary to somewhat 
depart from or change this formula, owing 
to peculiarities in their build, but it will 
apply to all engines having the kind of 
valves that are practically correct in their 
construction. 

Q. What is the usual way of setting ec- 
centric and valve on a slide-valve engine ? 

A. Take off the chest cover while hot, 
and adjust the eccentric and the length of 
valve stem so the valve runs square on the 
ports, or opens at each end to the same 
amount. 

Q. What is the objection to this method ? 

A. Too much trouble ; besides which the 
same amount of opening does not always 
give the same practical lead, on account of 
difference in the ports and passages ; and 
lead is not always given by setting the ec- 
centric ahead and thus giving a crack or 
opening to the valve. 

Q. In resetting the eccentric so as to 
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make the engine run the other way, should 
not the eccentric just be reversed, that is, 
turned round 90°? 

A. No ; unless there was no steam lap. 
If there is steam lap, as there nearly inva- 
riably is, it should be turned just as far 
behind the crank, to run backward, as it 
wa§ ahead of it to run forward. 

Q. "Where is the most angular shifting of 
eccentric required in resetting to run the 
other way ? 

A. Where there is little steam lap. We 
are assuming that the shifting will be done 
in that direction which will require least 
angular movement of the eccentric. 

Q. What can be said about the custom of 
giving a valve a definite amount of lineal 
lead, irrespective of the conditions ? 

A. Very ** rule of thumb." The engineer 
who gives his valve *'a scant sixteenth " 
lead, no matter what its width or travel, 
the speed of the engine or the pressure of 
steam, the point of cut-off or the influ- 
ence which the steam lead might have on 
the release or cushion, is working blindly. 

Q, What ten^s to make adjustment of 



Enguie Runi^b's Catbchism. 127 

lead, so as to be the same on both ends, 
most difficult ? 

A. A connecting rod which is short in 
proportion to the crank. 

Q, How should the valve position be de- 
terminable without opening the chest ? 

A. By prick punch marks on valve stem 
and one on the stuffing-box (not on the 
gland), so that a trammel can be applied 
to show just where the valve is at each 
important position. 

Q. Suppose the adjustment was purposely 
changed, what would you' do about the 
prick punch marks ? 

A. Deface the old one on the chest or 
stuffing-box, and put in a new one ; or put 
a cross on the new one, or in some similar 
way show that it had superseded the old 
one. 



128 £NGiif£ Runnsb'b Catbchisic. 



OABB AND VSR. 

Q. What can be said about putting new 
rod packing in the boxes at the same time 
as the old f 

A. If in order to prevent leakage it is 
necessary to screw the packing up so hard 
as to cause undue friction, or to render it 
likely to cut the rods or stems, the boxes 
should be cleaned out and packed fresh, 
and new packing should not be put in the 
boxes with the old. 

Q. Can you recommend a cheap piston- 
rod packing f 

A. Take two strips of strong canvas, each 
as wide as the stuffing-box is deep, and put 
between these a strip of rubber of the same 
width; wind these around the rod, and 
shove them in the box; do not screw up 
very hard, as the rubber will expand when 
heated. The wear will come upon the can- 
vas. 

Q. About what may be said to be the life 
of metallic rod packing for locomotives ? 
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A. Upon the C. B. & Q. Railroad piston 
rods average 50,000 miles without turning; 
about .764 inch being taken off, each engine 
getting about 1,600,000 miles, or at the rate 
of 32 years* life for the packing. 

Q. Upon a locomotive how is the valve 
rod apt to wear ? 

A. Elliptical in section; wearing more 
top and bottom. 

Q. What is the great trouble with metal- 
lic rod packing ? 

A. That rods are not generally turned 
true before the packing is applied. 

Q. Should metallic rod packing be lubri- 
cated? 

/^ Yes; either by having a hollow gland 
and an oil cup, or by a swab ; or by both. 

Q. What is generally the trouble with 
steam pistons ? 

A. Packed too tight. 

Q. What does this cause ? 

A. Cutting of the bore. 

Q. How can you test a piston for tight- 
ness? 

A. To take off the back cylinder-head 
and give steam in front. 



130 Engine Runner's Catechism. 

Q. Where will a piston probably leak ? 

A. On top, if it is a horizontal engine 
that has been mn some time without atten- 
tion. 

Q. If it does so leak, why is it ? 

A. Because the bottom spring has set and 
let the piston down. 

Q. What precaution should be taken in 
relation to springs ? 

A. The bottom spring should be the 
heaviest, because it has to carry the weight 
of the piston. 

Q. How can you centre the piston ? 

A. Take a wire filed to a sharp point on 
both ends, just half the diameter of the cyl- 
inder, and centre the piston accurately in 
the cylinder. Then adjust the bottom 
spring, or springs, if there is one each side 
of the centre, so that they hold the piston 
centrally. 

Q. What next? 

A. After this set out the springs so that 
they hold the rings up to the cylinder. If 
this is in any sort of condition a man ought 
to be able to shove the springs in with the 
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end of a hammer-handle and have them 
tight. 

Q. How about the stuffing-box end ? 

A. It is liable to wear down also, and 
there should always be a ring, or bush, in 
the bottom of the stuffing-box to take the 
wear of the rod. 

Q. If this ring is worn oval where the 
rod goes through, what should be done ? 

A. Get another, and keep the rod central 
in the cylinder. 

Q. Does forcing rings out against a 
scored cylinder do any good, so far as pre- 
venting leakage is concerned ? 

A. No. If a cylinder is so badly scored 
that it can't be kept tight, and the owners 
won't bore it out, the best thing to do is to 
make an old-fashioned hemp gasket, braid- 
ed hard, and pack the piston with that. It 
will fill the grooves and stop leakage, at all 
events. 

Q. In resetting an engine, what is one of 
the first things to do ? 

A. To clean all parts thoroughly ; taking 
off the back head, and taking out the pis- 
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ton, having driven out the key in the cross- 
head. 

Q. What precaution should be taken with 
the packing rings in resetting a horizontal 
engine ? 

A. The rings should be turned ** other 
side up," so as to bring the ** down "side 
that has been getting the most wear, to the 
top of the head, so as to equalize the wear. 

Q. How may the packing springs be 
tested ? 

A. The packing springs may have their 
elasticity tested by pressing them with a 
lever. 

Q. Should packing rings be run loose or 
tight ? 

A. Packing rings should be run as loosely 
as will permit of their being steam tight 
under the maximum steam pressure that 
will be put on them. 

Q. How may the tightness of packing 
rings be tested ? 

A. By blocking the engine on the top or 
bottom quarter and opening the throttle. 
Then if steam escapes at both cylinder 
cocks the rings are not tight enough. 
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Q. In setting packing rinj^ how may the 
piston rod be kept central ? 

A. By frequent use of calipers, having 
one point turned out at right angles to the 
other, or by a hard wood distance piece. 

Q. How should the valve position be 
marked ? 

A. Before putting on the chest cover the 
valve should be put in its central position 
and a mark put on its stem, and a corre- 
sponding locating mark on some immovable 
part of the chest — not the stuffing-box gland. 

Q. How may the tightness of a slide valve 
be tested ? 

A. The tightness of the slide valve may 
be tested by blocking the engine in such a 
position that the valve will stand centrally 
over the ports, covering them (this can be 
done by means of the scribe marks) ; then 
letting steam into the chest ; when, if any 
steam escapes through the cylinder cocks, 
the valve leaks. 

Q. How may the bearings be ** cut " from 
gam? 

A. All gum may be '* cut '* out from the 
bearings by the use of coal oil or turpentine. 
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Q. How may pounding be searched for t 

A. Pounding may be searched for by 
blocking the cross head at mid-stroke, and 
then working the cross head slightly back 
and forth, and watching the bearings. 

Q. How may pounding be intensified so 
as to make it more easily found ? 

A. By giving the engine its heaviest load. 

Q. What scribe marks should be made 
on the guides ? 

A. When the connecting rod is down the 
piston head should be shoved up until it 
touches each cylinder head, and ** danger 
marks " scribed on the guides, correspond- 
ing to some mark on the cross-head, so as 
to show if the piston head is too near the 
cylinder heads, when all is keyed up. 

Q. How may it be shown if the main 
shaft is out of line with the cylinder ? 

A. Lay a level across the guides and 
mark where the bubble stands; then when 
laid on the main shaft the bubble should 
stand at the same point (supposing that the 
level has not been turned end for end). 

Q. How may the shaft be tested for 
squareness fore and aft ? 
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A. By stretching a line parallel with the 
guides, out past the crank; the distance be- 
tween the line and the crank-pin collar 
should be the same on both front and back 
centres. If there is a crank disc, the dis- 
tance between that and the line should be 
the same, fore and aft, no matter where 
the crank pin stood. 

Q. Why is it that better results are some- 
times got with throttle only partly open 
than with it full wide ? 

A. Perhaps the steam is very wet and the 
throttling dries it. This question can not 
be properly answered without fuller particu- 
lars being given. 

Q. Why should not the lead be changed 
when cut-off is changed ? 

A. As there is a certain amount of lead 
required to ensure smooth running at each 
speed, and as varying speeds are not desir- 
able in stationary engines, the engine should 
be set, when hot, with the proper amount of 
lead for her regular speed; and this lead 
should not be changed while that speed re- 
mains constant. 
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Q. Should two or more engines exliaasfc 
into the same pipe ? 

A. Where two or more engines exhaust 
into the same pipe, there is apt to be exces- 
sive back pressure in both, or, at least, the 
one which would naturally have the most 
back pressure will be apt to increase that in 
the other. It should be noted, in indicating 
an engine, whether or not its back pressure 
is likely to be increased, without any fault 
of its own, by the exhaust from another en- 
gine. 

Q. When an engine is stopped, what 
should be done ? 

A. It should be wiped clean all over 
where it has not been possible to wipe it 
while running; all bearings and parts should 
be examined to see that they are in good 
condition; and all oil cups filled and seen to 
be in working order; if not in such condi- 
tion they should be put right. 

Q. How may priming be shown ? 

A. By white steam escaping from the 
drip cocks, etc., and by a dead sound of the 
exhaust. 
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Q. What should be done in case of prim- 
ing? 

A. The cylinder cocks should be opened 
wide and the throttle partly closed. 

Q. What is the danger liable to occur 
from a leaky throttle valve ? 

A. Enough steam may leak past it to 
start the engine. 

Q. How is a compound engine generally 
started ? 

A. By admitting live steam to both the 
high pressure and the low pressure cylin- 
ders. 

Q. In coupling an engine up with a water 
wheel, should they be arranged to run at the 
same speed ? 

A. No; the water wheel should run a 
little faster than the engine. Then if there 
be a light ]oad the water wheel will drive 
the shaft, and the engine (if it is automatic) 
will cut off and save steam. 

Q. How may the same object be accom- 
plished ? 

A. By having them both arranged with 
ratchet couplings, through which each drives 
the main shaft. 
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Q. What may be said about tightness of 
the brasses of the crank pin and cross-head 
pin? 

A. They should be loose enough to be 
moved endwise with comparatively little 
trouble. 

Q. If a bearing runs cool, is that neces- 
sarily a sign that it is running without fric- 
tion f 

A. No. 

Q. If a bearing runs hot is that necessa- 
rily a sign that it is running hard ? 

A. No: but it is generally the case. 

Q. How would you set about to see what 
caused pounding ? 

A. First see that the shaft and wrist pin 
are in line with the cylinder. 

Q. How is this done ? 

A. Fit the brasses tight to the wrist pin 
and key up the strap; and then see if the 
cross-head end of the connecting rod will 
exactly slip into its place in the cross head, 
without bending on either side. If it will 
not, the shaft and wrist pin are not in line 
with the cylinder. If they are so in one 
position, then try with the shaft revolved i 
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turn. If the connecting rod will not come 
to its place when the cross head is moved 
to its proper place, then all are not in line. 

Q. What may be said about having a 
regular overhauling time with an engine ? 

A. It should never be allowed to get so 
badly out of repair or adjustment as to re- 
quire a general overhauling. It should be 
kept always in good condition. 

Q. *^We are running a little portable 
saw-mill engine and are troubled with the 
brasses heating or knocking. The pin is a 
little out of round, but the brasses are worn 
to suit, and are a little tighter at the joints, 
so we can hardly get them on. Had we 
better file the brasses inside ? Will you tell 
me how to round the pin ?" * 

A. The brasses cannot be ** worn to suit,** 
The pin is worn **ovaP' as it is called; 
that is, flattened in two opposite parts at 
right angles to the crank centre line, where- 
as if they were so that they would be flat 
top and bottom when the engine was on her 
centres, it would be better. But if the 
brasses fit when on the centres they will 

* QueBtion asked by a correspondent. 
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bind when on the quarters. If you cannot 
force out or otherwise remove the pin for 
the purpose of having it turned true (or 
better yet, ground true) try draw-filing it. 
rhen put in new brasses, as the old ones 
will be too large at top and bottom. Of 
course, if the pin is so badly worn that 
when turned or otherwise made true again 
it will not be thick enough to stand to th& 
work and keep cool, there is nothing for it 
but a new pin. Before doing any machine 
or file work on the pin, if you can get it to 
run without knocking, do so, no matter how 
much it heats, and then try black lead on 
it, in liberal quantities. 

Q. How can I line the driving shaft of a 
portable saw-mill engine with the cylinder ? 
The cylinder is on top of the boiler. 

A. The shaft may be perfectly straight, 
and yet may be (1) too high or too low, and 
yet be level; also square with the cylinder 
centre line; (2) at the right height, and also 
level, and yet " skewed " across the centre 
line; or, (3) at the right height, where the 
centre line cuts it, and square with that 
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centre line, and yet one end too high for 
the other. 

Take off both cylinder heads; saw out 
two thin circular pieces of boards, the siase 
of the cylinder bore, and put an awl hole 
through their centres ; disconnect the con- 
necting rod ; take it down and remove the 
piston ; put the board circles in the cylinder 
ends; run a grass line through the cylinder 
centre, and see that it strikes the crank-pin 
centres when the crank is on the front and 
back centres ; or if there be a centre mark 
on the crank cheek, see that the line cuts 
that. 

Test for squareness (1) by a try square ; 
or (2) by 3, 4, 5 rule with a cord (this be- 
ing based on the fact that every triangle 
having sides in the proportion of 3, 4, and 5 
will have a right angle opposite the longest 
side) ; or (3) by seeing that the crank 
cheeks stand the same with the centre line 
when on the front centre as when on the 
back. 

The above three tests constitute a set, and 
are independent of the guides, which should 
really, in most cases, be assumed as true 
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with the cylinder bore. If they are hori- 
zontal (that is if the connecting rod swingB 
between them and at right angles to them) 
chock the whole engine until the guides 
show level ; then the crank shaft, if straight, 
should be level also, and the crank cheeks 
plumb when on either top or bottom quarter; 
and a straight edge applied to the crank 
cheeks when on either outboard or inboard 
centre, should sight parallel with the side 
faces of the guides (not their top and bot- 
tom faces). If the cross head be vertical 
and swings in the plane that both the guides 
are in, then the sides of the crank-pin 
brasses should be at the same distance from 
the crank cheeks, at all parts of the revolu- 
tion. 

If your engine should be of a design to 
which the above will not apply, more details 
should be given. The foregoing covers 
most portable engines with horizontal cylin- 
ders on top of the boiler. 

Q. ** We wish to increase the power of 
our engine. The feed water pump is upon 
the side of the engine bed ; the plunger is 
driven by the crosshead of the engine. 
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We propose to take off this pump and use 
independent pony feed pnmp. How much 
power do you think that we will gain by 
doing this? The engine is 12x18 inches, 
136 revolutions per minute, and the boiler 
4^x13 feet; carries 80 pounds of steam. 
We wish to increase the speed of the engine 
to 150 revolutions per minute. How much 
power will we gain by this, and do you 
think that 150 turns is too fast for a 12x18 
inch engine that is built strong! How 
much larger governor pulley will it take to 
make the engine turn fully 150 revolutions 
per minute? We want to gain 10 or 12 
horse power. Do you think that we can 
do so by taking off direct pump and in- 
creasing speed to 150 ? We will put larger 
pulley upon main line shaft." [The forego- 
ing question was put to the author by a sub- 
scriber to Power and Transmission, for re- 
ply in the columns of that journal. The 
following is the reply] : 

A. ** There is no way of telling, because 
you do not state any of the conditions of 
lifting, etc. , but we would advise independ- 
ent feed, because this enables you to keep 
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the water level where you want it, either 
extra high or extra low, when the engine is 
running, and will also enable you to keep 
the boiler fed in case the engine is stopped 
for any cause. I do not think that it 
makes much difference either way in the 
matter of power, whether you feed by cr«ss- 
head pump or by independent tank. 

Q. How would you set an eccentric with- 
out turning the engine to try it ? 

A. Assuming that the engine is ** station- 
ary " and has no rocker arm, take a pair 
of compasses or dividers (the former pre- 
ferred because they make a visible mark) 
and draw upon a straight line a semicircle 
having the same diameter as the eccentric 
throw (which is the same thing as the valve 
travel). Call this the valve semicircle. 
Draw within this and parallel to it a 
straight line at a distance from it, equal to 
the valve lap plus the valve lead. Make 
another circle having the same centre as 
the semicircle, but with a diameter equal to 
the shaft where the eccentric is on it. Call 
this the shaft circle. Draw a line from the 
centre of the semicircle, through where the 
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lap line passes through the semicircle, and 
cutting the shaft circle. The angle that 
this line makes, with the diameter of the 
semicircle, is the angle that the eccentric 
must be turned through over and above a 
right angle, ahead of the crank. Divide 
the shaft into four parts, commencing with 
the crank line. Step off a quarter circle in 
the direction in which the engine is to run, 
from the crank line. Step off from this the 
same distance as there is between the diam- 
eter of the big circle and where the long 
radius line cuts it. That will be where the 
belly of the eccentric, or the line passing 
through the shaft centre and the eccentric 
centre should come. Of course the meas- 
urements must be carefully made and the 
line carefully drawn. 

Q. How would you exactly locate lost 
motion in the main bearing of an engine, 
80 as to tell at what part of the stroke it 
commenced, and how much compression to 
give to counteract it ? 

A. Use an indicator having a second 
multiplying lever having a vertical motion 
only, and bearing a pencil making a trace 
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underneath, and parallel to, the atmos- 
pheric and vacuum lines of the usual ** dia- 
gram ;" this lever being pivoted to a little 
standard on the connecting piece of the in- 
strument, and the pencil position adjustable 
in height by a spring and screw, the latter 
formed on a light rod passing through the 
connecting piece. Vertical motion of this 
rod will cause the pencil to vibrate verti- 
cally. If the rod is kept at a constant 
height, the pencil will trace a horizontal 
line partly around the paper cylinder ; but 
any pull on the rod will make a jog in the 
tracing. 

The main bearing being slacked up, 
pivot a vertical metal lever to the bed plate, 
so as to bear against the far side of the 
main shaft (assumed to be truly cylindrical, 
and tested for this purpose beforehand). 
Connect the upper end of this lever by a 
wire or inelastic cord passing around a 
guide-pulley to the lower end of the vertical 
rod on the lost-motion lever of the indica- 
tor, and have all slack taken up and held 
out by the spring on the vertical rod. 

It is evident that if the main shaft has 
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any horizontal movement, it will canseuhori- 
zontal vibration of the free end of the lever 
bearing against it, and thus tighten or 
slacken the cord and produce a vertical 
movement of the lost-motion lever on the 
indicator. This will cause a jog, either 
below or above, in the supplementary hori- 
zontal line representing the cross-head 
path ; and will indicate, beyond all ques- 
tion, where the lost motion commences, 
how loDg it lasts, in which direction it is 
from the normal, and when and where it 
stops. 

By the aid of this, its inventor cured a 
previously incorrigible engine. 
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EMERGENCIES. 

Q. Suppose that a cast-iron steam-pipe 
breaks across between two ** ells." Instead 
of shutting down and waiting long enough 
to get a new length, how would you man- 
age? 

A. Bind the joint with wood strips sewed 
well around with stout cord or rope, and 
prevent endwise separation* by more rope 
diagonally across the break from one reach 
of pipe to the other. Then when the wood 
and the cord get wet with the steam the 
joint will be even tighter than before, be- 
cause the wood will swell and the cords 
shorten. (See Fig. 87.) 

Q. What should be done for a hot main 
bearing ? 

A. Brasses slacked if too tight ; graphite 
and oil run in ; if trouble continues, engine 
should be stopped, all bearing surfaces 
lined and squared, and wiped clean, and 
then black-leaded and oiled and started up 
again slowly. 
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Q. What should be done for a hot crank 
pin? 

A. Brasses slacked if too tight ; olive oil 
and sulphur run in ; if that has no effect, 
graphite and oil ; if that does not do, then 
all bearing surfaces on journal and brasses 
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wiped ; and all squared, fitted, and scraped ; 
then oiled and black-leaded and started up 
slowly. 

Q. What would you do in case the crank 
pin broke, where the crank had two webs ? 

A. Drill a hole through it and fasten it 
with a steel bolt about one third the diam- 
eter of the pin ; cutting out the webs for 
the head of the bolt and for the nut. 

Q. In case of sudden or unexpected stop- 
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page of your engine, what would you look 
to first to learn the cause ? 

A. The eccentric, to see if it had not 
slipped ; then the valve gear ; then if noth- 
ing showed wrong I should open the steam 
chest (if a slide-valve engine) to see if the 
valve was not disconnected. 

Q. How would you know if the eccentric 
had slipped ? 

A. Its proper place should be unmistak- 
ably marked so that if it had slipped around 
even a trifle that would be shown. 

Q. But suppose its place had not been 
marked ? 

A. If the valve had no lap, I should put 
the eccentric with the highest part just 90" 
(right angle) ahead of the crank. If there 
was steam lap on the valve I should open 
the cylinder pet cocks at the ends, put the 
engine on a centre and then turn the eccen- 
tric still further around, ahead of the posi- 
tion at right angles of the crank, until 
steam blew through just a trifle ; fasten it 
temporarily ; turn the engine over to the 
other centre and see if the steam again blew 
through just the same amount ; if not, ad- 
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just the lead by lengthening or shortening 
the valve stem until there was the same 
amount of "blow" of live steam on each 
centre. 

Q. What is the object of setting the 
eccentric so as to give a ** blow " on each 
centre ? 

A. To give lead. 

Q. What would you do in case of a split 
cylinder cover ? 

A. If beyond repair, block the valve of 
that end and work the other end only ; re- 
ducing the initial pressure. 

Q. Why reduce the pressure when you 
would be running with only half of the 
engine, and in case of a condensing engine 
with less effective pressure in that end ? 

A. Because the pressure upon the crank 
pin would be too unequal. 

Q. It frequently happens that a piece will 
be broken oufe of a locomotive cylinder or 
other casting that can be patched, and the 
expense of replacing the whole obviated. 
Give a good method of doing this. 

A. ** The main casting is cut off inside the 
crack to a fairly uniform line. A model is 



iSa Enqinb RcNNOB'a CatbcuisU. 

then mado by means of the portion cat off 
to fit over the end of the break and make 
the neceBsary junctions with the adjoining 
parts of the machine. The lower half of 
the mould flask is fitted around the broken 
end of the casting and well secured to it, 
and the joint is sealed with claj. The 
model is then set into the flask over the 
broken end, on which, of course, it should 
lap a certain amount, and the moulding is 
proceeded with. The upper half of the 
flask has, of course, a core fitting into the 
hollow of the broken end, if such there be. 
Before casting, the broken end is well 
warmed by a charcoal fire placed within." 
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ERECTING AND ADJUSTING SPECIAL 

ENGINES. 

The Armington & Sims. 

Q. How would you proceed to set up an 
Armington and Sims engine ? 

A. Generally in shipping to all parts of 
the country the engines are sent forward 
after being tested, with all parts in place 
excepting the driving wheel and oH cups. 
If the shaft is not in, be careful in placing 
not to screw up the cheek pieces too much, 
but wait until starting and adjust it to bear- 
ing — the caps will be found in place when 
received ; in removing them be sure to put 
the liners back as found and the caps can 
then be screwed down solid. If the regu- 
lator wheel is off and the regulator removed, 
then put the eccentric on the shaft, and 
put it up so that there will be one sixty- 
fourth play between end of hub and the 
eccentric, and then connect as shown in Fig. 



1S4 Esannt RtuntiB's Catbch 



ENomB Rdnhsr'b CATBOaiSM. IKG 

88, which gives those positions of weights, 
eccflDtrics, and links which give the valve 
its least travel and shortest cut-off. With 
regulator as ahowu in Figs. 88 ftnd 69, the 
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crank pin should be in the direction of 1. 
In chaogiiig from the short to the long 
travel, the figures 1 on tbe eccentrics will 
diverge until 1 and S are together, as will 
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be seen la Fig. 89, which shows that posi- 
tion of the weights, eccentrics, and linka 
which gives the valve its greatest travel 
and cut-oS. Each eooentric, link, and 
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weight is numbered as in the sketch, and if 
put together as directed there sfaonid be 
little or Qo trouble in setting up the regu- 
lator. Do not bend nor alter the links. 
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Put in the springs, and screw down the 
nuts marked A in Fig. 90 equally, that the 
tension of springs may be the same, and 
upon starting the engine adjust these nuts 
(both alike) until the engine runs at the 
speed to which the regulator was adjusted 
at the shop (which will be found marked on 
the outside end of hub of the regulator 
wheel). Put on the eccentric rod as it is 
received — don't move the knuckle joint ; 
screw down the cap solid. Put on the 
driving wheel and drive the spline ; on the 
larger sizes (12 x 12 and above) the hub of 
wheel serves as a collar for the shaft and is 
to be put on to a running fit against the end 
of box. 

Q. If from any cause it is wished to ma- 
terially vary this speed, how should it be 
done? 

A. By adding to the weights if a de- 
creased speed is wanted or lessening them 
if for a quicker speed. Do not alter the 
tension of the springs by moving the nuts A, 
The smaller size engines have the springs 
arranged as shown in Figs. 88 and 89, but 
the larger sizes are arranged as in Fig. 90. 



£|I0IHB BdKMBUI CATECBISlf. 



Fia. 90. ABHiNOTOif ft Snn dorsBiioB roit Luqb 



Ehoihb Ruioieb'b Catbcribh. 109 

The r^alator vith the spriD^ in this man- 
ner is to be pat together the same as the 
other, being marked the same, excepting 
the spriuga which are attached to the rim 
of wheel as shown. The jaw that attaches 
spring to weight has been adJTist«d to the 
reqnired speed and is marked aa at 6, which 
marks should come t<^ether. The tension 
of springs and adjostment for speed is by 
nut A same as before, and not 6' is a 
check nut— any Tariatlon of speed mnst be 
\iv.i<le by the alteration of weights as before 
explained. -, 

Q. How about oil cupe f 

A. The wiper cups C (see 
Fig. 91) are sent on the con- 
necting rod ; the oil cnp on 
the small bracket is to he at- 
tached to the slide bar, and 
the one on the large bracket 
to the pedestal cap. Adjnst 
the tube by the nut A so that 
the wick will just clear the 
wiper as near as possible with f^ gj, 
out actually hitting. If from ^i^"" *^- 
use the wicks get gummed up, pat in new 
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ones ; not too tight to prevent the oil from 
feeding, with the small ring attached to pre- 
vent them slipping through. Pat oil cups on 
slide bars and on covers of main bearings ; 
also the flat cap on the eccentric strap, and 
attach feeding cap by bracket to the bed. At- 
tach the two small cups having tube for 
wick feed to the valve-stem guide, and the 
two similar cups (without tube) to the regu- 
lator weights. 

Q. What additional precaution is there to 
insare the perfect working of the regulator ! 

A. The makers now drUl into the shaft — 
you will find a brass plug with a hole. Into 
this inject oil occasionally, which will cause 
the sleeve to move on shaft without stick- 
ing. Use good, thin oil on the regulator. 

Q. How would you set the valve ? 

A. If the distance between B and C (see 
Fig. 92) is just three inches, you will know 
that the valve is all right. If, however, 
you wish to put in a new valve and adjust, 
then remove the steam-chest cover and 
place the engine on the centre as follows : 
place line marked J., which is on the crank 
pin side, with line on opposite side of rim 
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marked F (not shown iu drawing), level 
with engine ; now take out, or loosen np, 
the springs nnd block the weights out so 
that the distance between weights and pin 
at a E, Fig. 93, will be three quarters of an 




inch ; adjust the valve stem at the guide so 
that by turning the engine over from oneeen- 
tre to the other, the lead will be the same at 
both ports ; then make a new mark dis- 
tinctly on the valve rod so that the distance 
B O will be the standard three inches. 
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The Atlas Slide Valve Engine. 

Q. How would you proceed to set an 
** Atlas " slide-valve engine ? 

A. When the engine has been placed on 
the foundation,* square it carefully with 
the shaft it is to drive, take off the cross- 
head guide caps, place a spirit level upon 
the guides, and level the engine both length- 
wise and across by putting under it thin 
wedges of wood. When perfectly level put 
the nuts on the foundation bolts and draw 
moderately tight, being careful to keep 
level. Then make a bank around the bottom 
of the bed plate with strips of wood and 
clay, leaving convenient pouring space, and 
run melted sulphur undet* until the space 
between the engine and the foundation is 
filled. When the sulphur has had time to 
cool screw down the nuts firmly. Then put 
the out-board pillow block on its founda- 
tion ; take the eccentric out of its straps ; 
put it on the main shaft, and lay the shaft 
in its place, supporting it by means of 

* See Figs. 4 and 5, pages 13 and 14. 
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blocking under its middle. Get it square 
witli the engine and level. Set up the quar- 



ter boxes of main bearing moderately tight 
by means of the backing screws ; ace that 
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tlie wooden liners are in place on the topaof 
the qiLurter boxes, aud put on the cap. Ob- 
serve that the cap is not to touch the shaft, 
but bear only on the wooden liners to keep 



the quarter-boxes down in place. There 
should never be less than ^ inch space be- 
tween the cap and shaft, its use being sim- 
ply to hold the quarter-boxea down aud 
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keep out dirt. The out-board pillow block 
may now be wedged up to the shaft and 
sulphured. The band, or fly-wheel, if in 
halves, may then be put on. If solid, the 
shaft will have to be taken out, put through 
the wheel, lowered into place, and the main 
bearing adjusted as before. The pipe con- 
nections may then be made, the doping 
cleaned off the bright work, and every part 
of the engine made thoroughly clean. 
When you have raised steam take off the 

• 

steam-chest cover, and by opening the 
throttle blow out any dirt there may be in 
the steam pipe. Then take off the back 
cylinder head, and slack off the front head. 
Wipe out the steam chest clean ; oil the 
valve seat ; replace the cover ; and, having 
opened the throttle, work the valve back 
and forth bv hand. This will cause the 
steam to blow out all dirt there may be in 
the passages of the cylinder. Having wiped 
out and oiled the inside of the cylinder, re- 
place the heads ; screw the nuts up tight ; 
pack the glands ; make the crank and ec- 
centric connections ; oil all the joints, and 
you are ready to start. 
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EBEGTING A BUGEETE ENGINE. 

Q. Give a full description of how you 
would proceed to set up a Buckeye engine, 
if every piece were separated from the 
others. 

A. Buckeye engines are at present built 
in three styles, which are designated by the 
builders as **A, " **B," and '*C,"and as 
slightly different instruction are required in 
some respects for the different styles, will 
be referred to as above. 

Style ** A " is of the girder form with two 
slides made integral with the frame, and 
with vertical cross head, the dies of which 
are adjustable for wear. The engine rests 
on two feet or pedestals ; the one under the 
shaft bearing, and the other, under and at- 
tached to the cylinder. (In some larger 
sizes a third pedestal is introduced under 
the middle near the end of the slides.) The 
body or frame work of the engine thus con- 
sists of four pieces, namely, the main frame, 
the shaft pedestal, the cylnder and its ped- 
estal. These parts are secured together by 
bolts, and no instructions are needed to en- 
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able any competent mechanic to put them 
together. 

Style **B" consists as to its frame work 
of two pieces, the main frame and the cyl- 
inder. The former contains one half of the 
shaft bearing, made integral with it, in 
small and medium sizes, in which a two- 
part box is used, parting on an angle of 
30" from the vertical ; or in the largest 
sizes the housing of a four-part box. The 
main part has a sole surface its entire 
length, but the cylinder overhangs. The 
slides are four in number and are separate 
from the frame and acquire alignment in 
the first place and adjustment after wear. 

Style ** C," like style '' A," has two slides 
and a vertical cross head, but the slides are 
separate pieces, requiring alignment and 
compensating adjustment. Like style * ' B, " 
its frame work consists of two pieces, the 
main piece containing one half the shaft 
bearing integral therewith, and a continu- 
ous sole and overhanging cylinder. The 
following instructions will assume that 
whichever the style, the parts constituting 
the main frame work have been put together 
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and the whole properly set on and secured 
to the foundation. 

In all the styles, put in the main shaft 
and adjust the out^r bearing simply to bring 
it level and square with the centre line of 
the cylinder. No adjustment in the direc- 
tion of its length is provided for, its posi- 
tion in that respect having been immovably 
fixed in the shop ; hence in style *'A" the 
line for squaring the shaft need not be 
stretched through the centre of the cylinder, 
but may be attached to a bit of wood 
jammed between the inside of the hood and 
the stuffing box at a point near the latter, 
and about on a level with the centre, but 
not necessarily parallel with the central axis 
of the cylinder, except as to their vertical 
planes. • 

Attach it at such a point that it may pass 
outside of the cross head and crank pin, se- 
curing it to some existing or temporarily 
erected support. Make it parallel with the 
planed outer surfaces of the slides (which 
are parallel with the axis of the cylinder) 
by means of an extemporized gauge con- 
sisting of a billet of wood of proper length 
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with two nails or screws in one end, and 
one in the other so placed as to rest on the 
planed surfaces before mentioned, like three 
feet, while a fourth reaches and just 
touches the line, which is adjusted till it is 
so touched equally at each end of the slides. 
Then take measurements from the line to 
the end of the crank pin at each dead cen- 
tre, or if the crank is a disc with rim turned 
true, the measurements may be made from 
the line to this rim without turning over. 

The same instructions apply to style ** C," 
except that the slides being separate pieces, 
cau not be used as guides for adjusting the 
line, but the edges of the part to which the 
slides are attached are trued for the pur- 
pose. As the slides, however, in this style 
require alignment it may be thought best 
to stretch the line through the centre, for 
this purpose ; but many erecting engineers 
prefer to set them by the cross head, moving 
it to and fro and adjusting until it moves 
freely and the rod runs true and does not 
bind the stuffing-box follower in any direc- 
tion at any point ; a method which is en- 
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tirely practical with new engines of moder- 
ate size. 

Style **B" not being provided with any 
trued surface analagous to those on the 
others, by which to adjust a line, the cord 
must be stretched through the centre in the 
usual way, both for shaft and side align- 
ment. But as only the lower pair of slides 
can be set while the line is in position, and 
as the lateral guidance is dependent mainly 
on the upper pair, that adjustment must be 
finally tested as above directed, by the 
movement of the cross head and rod. 

The larger sizes of style ** B " which have 
the four-part shaft boxes are also provided 
with short, small bosses adjacent to the 
back edge of the periphery or rim of the 
crank disc ; which having been planed true 
with each other and with the vertical plane 
of the central axis of the cylinder, serve to 
test the horizontal alignment of the shaft 
at any time in a moment by their proximity 
to the rim ; equally at two nearly opposite 
points when alignment is correct. 

The shaft properly levelled and squared, 
next put together the valve gear, for which 
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no detailed instructions will be needed. The 
rocker arm was formerly secured rigidly to 
its shaft which passed through and worked 
freely in bearings, but latterly the plan has 
been adopted of holding the shaft stationary 
and fitting the arm to work freely on it, it 
having a side box and set screws to compen- 
sate for wear. 

Put the eccentric in place against the 
journal box (as it forms the collar for the 
journal) ; put on its straps and connect the 
rod to the outer pin of the rocker arm; ad- 
just its length as provided for at its attach- 
ment to the strap so that the arm will vi- 
brate about equally each side of the perpen- 
dicular as the eccentric is rotated ; and 
secure the fastening, noting that the straps 
are not twisted noticeably out of the perpen- 
dicular (a distortion rendered possible by 
the perfectly spherical form of the eccen- 
tric face). 

Connect the inner pin of the arm to the 
valve stem, clamping it in such position 
that the valve will be at mid-travel when 
the rocker arm is vertical, but attending to 
its more perfect adjustment later when set- 
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ting the valve. Put the governor wheel in 
place in such angular position that when 
the parts are in place and the weight arms 
resting on their inner stops the eccentric 
and crank will be on their dead centres at 
the same time and in the same direction. 

Q. When the chest covers of a Buckeye 
engine are removed, what are the openings 
that appear at the ends like the admission 
openings of the common slide valve ? 

A. The exhausts. 

Q. Where are the openings for admission ? 

A. They are invisible, but are indicated 
by marks on the valve corresponding to the 
ports, and similar ones on the cylinder in 
line with the ports. Those on the valve 
represent its ports at its narrowest part, 
exclusive of the indentations in their mar- 
gins to graduate the admission ; hence the 
admission indicated by them is the begin- 
ning of full port admission, and not the be- 
ginning at the indentations. 

Q. What are these indentations for ? 

A. To soften the shock of admission and 
ii^stire the prompt attainment of full initial 
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pressure as soon as full openiug is reached. 

They have the same general effect as lead. 

Q. How should the piston travel be 



A. By marking cross head and slides so 
as to show the dead centres or ends of 
travel ; then diseonaeeting the connecting 
rod from the crank pin, and shoving the 
cross head beyond its travel at each end 
until the piston strikes ; then if the amount 
of this ejctra travel is found to be unequal 
between the two ends, it should be equal- 
ized by screwing the piston rod into or out 
of the cross head as required. 

Q. What do these marks show 1 

A. They serve to measure from to locate 
any events of the valve function in the 
stroke, and also as guides by which to cor- 
rect the length of the connecting rod when 
such corrections are made neccs.sary by 
wear of its boxes or the shaft bearing. 

Q. Are these marks absolutely reliable 
as a means of placing the crank on its dead 
centres ! 

A. No ; the crank may be moved a no- 
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ticeable amount either way without showing 
much upon the witness marks. 

Q. Then what is the proper way to find 
the dead centres ? 

A. By levelling the connecting rod with a 
spirit level applied to one of its parallel 
surfaces. 

Q. What is the first thing to do in setting 
the main valve of a Buckeye engine ? 

A. To see that the main eccentric is in 
about its correct angular position. If it is 
an over-running engine it should be placed 
upon its outer dead centre ; if it runs 
under, upon the inner one. In either case 
set the eccentric upwards and inclined to- 
wards crank enough to place the valve out 
of its mid-position an amount equal to the 
required angular advance. 

Q. What is the next step, and what is the 
proper thing to do ? 

A. To equalize the main valve movement 
by making the maximum admission open- 
ings equal. 

Q. Next? 

A. Test the set of the eccentric by the 
leads and compressions. 
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Q. What is the final test of the equali- 
zations ? 

A. Comparing the compressions. 

Q. Should it be impossible to make the 
cut-off and compression both equalize, 
which should be given the preference ? 

A. The compression. 

Q. Suppose the engine is too large to con- 
veniently revolve the whole engine, what 
should be done ? 

A. The eccentric alone revolved, and the 
valve movement equalized by the maximum 
admission openings. 

Q. How can the eccentric be fixed in the 
right place ? 

A. By putting the crank on one of the 
dead centres, and giving the eccentric the 
lead required in the table which goes with 
their engine. 

Q. How may adjustment by equalization 
be made? 

A. Either by lengthening or shortening 
the eccentric rod as provided for at its 
junction with the straps, or by shifting the 
clamp wrist on the valve stem. 

Q. Which of these two is the better ? 
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A. Changing the eccentric rod length, if 
the cut-off is correctly adjusted, and it is 
desired not to disturb it. 

Q. If not, which method is preferable t 

A. That which will leave the rocker arm 
most nearly vertical at mid-movement. 

Q. Should either of these two adjust- 
ments be made for any other purpose than 
equalization ? 

A. No. 

Q. How should all changes be made 
which require to be equal at the two ends ? 

A. By shifting the eccentric. 

Q. Why is it that the exhaust lap of the 
valve at the stem end is wider than at the 
other ? 

A. To equalize both leads and compres- 
sions at the same time. 

Q. Why is this ? 

A. The connection is practically short- 
ened when inclined up or down, hence the 
piston moves slowest at that end, and more 
exhaust lap is needed to close the exhaust at 
a given distance from that end of the stroke. ' 

Q. How would you set the cut-off valve 
of a Buckeye engine ? 
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A. Set the governor so that its eccentric 
■and the crank will be on their dead centres 
at the same time and in the same direction ; 
that is, so that the rod of its eccentric will 
move coincidentally with the piston, and in 
the same direction. Then block the levers 
about half-way out, and note where the 
cut-off takes place as the engine is turned 
over. 

Q. How may the points of cut-off be 
noted ? 

A. By removing the balance-ring cover 
plates. 

Q. Suppose you cannot see the final 
closure ? 

A. Feel for it with a wire or a strip of 
sheet metal flattened at the end to a wire 
edge. 

Q. Any other way, without removing the 
plates ? 

A. By removing the indicator plugs and 
letting steam blow through them, and 
noting the points at which it stops blowing. 

Q. Should cut-off take place earlier than 
one fifth or later than one fourth, what 
should be done ? 
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A. Change the blocking of the levers to 
bring them within these limits ; and then 
compare them for equality. 

Q. Suppose they are then fonnd to be 
unequal ? 

A. Lengthen or shorten the cut-off con- 
nection so as to throw the valve towards 
the end at which the cut-off is latest. 

Q. Is there more than one way of making 
this adjustment ? 

A. Yes; it may be made between the 
rocker arm and the valve by screwing the 
rod out of or into the neck of the brass box 
(or in case of different construction, as con- 
struction calls for), or at the attachment of 
the eccentric rod to the straps : choice in 
that respect being determined by knowing 
whether the upper arm of the cut-off vi- 
brates equally each way from coincidence 
with the pin of the main rocker near it. 
If so, or if adjustment at the straps would 
leave it more unequal than before, the first- 
named adjustment should be chosen. (This 
will always be the case when the gear has 
to be properly put together.) 
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Q. Why is equalization about the average 
working point necessary ? 

A. Because owing to the unequal piston 
movement, the cut-off cannot be exactly 
equalized at all points. 

Q. Suppose that they are equalized as 
above directed, how will they be at earliest 
cuts ? 

A. Very much later at crank end than 
at the other end. 

Q. How. will they be at latest cuts ? 

A. Somewhat earlier at crank end. 

Q. How can you equalize without turn- 
ing the shaft ? 

A. Loosen the governor wheel on the 
shafting and turn it until the exact mid- 
travel of the valve can be determined by 
measurement from some fixed point. Stop 
it at mid-travel and with the balance-ring 
cover plates removed, note the position of 
the cut-off valve with reference to the ports 
over which it works. Both of them should 
show partly open, but that at the stem end 
to show the wider opening by an amount 
equal to i^ or -j^ the valve travel ; these 
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differences giving equality at i and | cuts 
respectively. 

Q. When the governor has been given its 
first adjustment as laid down before, where 
are the latest cut-offs ? 

A. Those when the levers are resting on 
their stops; about five-eighths of the 
stroke. 

Q. Where will the earliest cut-offs be ? 

A. When the levers are at the outer limit 
of their range— say, inside the first inch of 
piston stroke. 

Q. Suppose such adjustment will not hold 
the engine from running away, or from too 
much speed when driving its lightest load 
under the highest pressure, what adjust- 
ment must be made ? 

A. The governor must be advanced until 
it will control it ; that is, turned on the 
shaft in the direction that the engine runs. 

Q. Under what conditions will this ad- 
vance generally be necessary ? 

A. Where a condenser is attached. 

Q. Will it ever be necessary to set the 
governor back of the usual position ? 

A. Yes ; if the engine is heavily loaded 
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and a considerable part of the load is not 
liable to be detached. 

Q. How should any such adjustment be 
tested before trusting it to the chances of 
such conditions ? 

A. By giving the engine highest pressure 
and lightest load. 

Q. Should the spring tension be varied to 
effect changes of speed ? 

A. Only to a very limited extent, and 
under certain circumstances to be explained 
later. 

Q. How can the spring tension be ad- 
justed so as to get as close regulation as 
possible ? 

A. By giving the springs all the initial 
tension that can be carried without ** rac- 
ing." 

Q. What other causes may there be for 
racing besides too much spring tension ? 

A. Undue friction about the governor 
joints, or the loose eccentric on the shaft ; 
lack of oil ; gumminess, and rust. 

Q. Suppose an engine which has regu- 
lated steadily for a time gets to racing 
without any increase of spring tension or 



188 Engine Runner's Catechism. 

equivalent adjustment having been made, 
what is that a sign of ? 

A. Of undue friction. 

Q. What rule for tension may be given ? 

A. That when the auxiliary springs are 
applied and properly adjusted, and the 
levers tolerably heavily weighted, it should 
be over one half of the leverage of the 
springs (in some cases as much as six- 
tenths.) 

Q. What do you mean by the leverage ? 

A. The distance from the centres of the 
pivots of the levers to the points of attach- 
ment of the springs. 

Q. When there are no auxiliary springs, 
how much tension should be carried ? 

A. About four tenths the leverage. 

Q. If the levers are lightly weighted, how 
about the tension that can be carried ? 

A. Less tension can be carried, because 
then a larger proportion of the effective 
centrifugal weight is in the levers them- 
selves and their appendages, so that the cen- 
tre of force of the parts is nearer the shaft. 

Q. Where are the auxiliary springs used ? 

A. Where the requirements of close regu- 
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lation are greater than usual, as in electric 
lighting, etc. 

Q. What adjustment is required to get 
the full benefit of them ? 

A. Give them considerable force by 
reaching well out with the fingers which act 
on them ; to give the main springs as much 
tension as possible without racing. 

Q. Suppose that on starting up the levers 
start out at much below the proper speed, 
what should be done ? 

A. The reach of the fingers should be 
shortened until very near the proper speed 
IS reached before the levers start out. 

Q. If it is desirable to improve the regu- 
lation slightly, how may the desired result 
be attained ? 

A. By changing either the tension on the 
leverage, or both : thus supposing that the 
speed changes a little too much with changes 
of load of pressure, we may correct the 
trouble by adding tension or by diminishing 
leverage (moving the spring clips towards the 
pivot) ; or since the former willincrease the 
speed and the latter diminish it, we may ac- 
complish the desired improvement by such 
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« 

a combination of both adjustments as will 
leave the speed the same as before. This 
will be accomplished by diminishing the 
leverage about twice as much as the tension 
is increased. 

Q. Suppose that the governor shows a 
disposition to race, or is too slow in settling 
to equilibrium, what may be done ? 

A. The tension may be diminished or the 
leverage increased, or both together in the 
proportions just named, if it be desired to 
avoid the necessity of changing the weights 
to correct speed. 

Q. What preacution should be observed 
in changing leverage ? 

A. Not to increase it so much as to cause 
the links and springs to interfere at mid- 
movement, and not to diminish it so much 
as to reduce the power required to operate 
the valve without undue disturbance of the 
equilibrium. 

Q. What does this first precaution re- 
quire ? 

A. That the eccentric be pulled ahead far 
enough to see if the links and springs clear 
each other. In high speed engines a slight 
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interference will not matter as centrifugal 
force will bow the spring outward, if not 
restrained, suflBlciently to clear. 

Q. If it be desired to change speed how 
can you cipher out the required change of 
weight of the governor ? 

A. Multiply the square of the existing 
speed in turns per minute by the existing 
effective weight and divide the product by 
the square of the desired speed. The quo- 
tient will be the desired effective weight. 

Q. How is the effective weight tested ? 

A. By putting a three-cornered file on a 
platform scale and having removed a lever 
from the wheel, letting it rest on the file 
at a point about two thirds its length from 
the pivot, or about where the centre of the 
stop comes when the lever rests upon it, 
while the pivot end rests on an independent 
support directly under the centre of the 
pivot hole (or it may be suspended by a 
string tied in the pivot hole). Add to the 
weight thus found about* one third to one 
half the whole weight of the link which 
connects the lever to the eccentric. 
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Q. How can you take out the valve of the 
Buckeye engine ? 

A. Disconnect the cut-off stem at the 
ball and socket joint and draw it out far 
enough to be well out of the way of the 
main valve when its stem is unscrewed. 
Disconnect the rod connecting the main 
stem with the rocker and unscrew the stem. 
(Do not loosen the clamp wrist until the 
stem has been started, because it may be 
necessary to use the wrench upon this as 
well as upon the hexagon of the stem.) 
Slack up the cover plates of the equilibrium 
rings, to relieve the valve of the pressure of 
the springs and also to avoid the danger of 
the rings being thrown into the chest. (If 
the stem cannot be revolved without un- 
clamping the attached rest, its position on 
the stem should be marked before loosen- 
ing it.) 

Q. What is the remedy for slamming 
valves ? 

A. To deepen and widen the grooves 
across the valve face just back of the port. 

Q. Is there any way which will stop slam- 
ming by causing a greater evil ? 
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A. Yes ; plugging the steam holes in the 
valve face ; but while this will stop slam- 
ming, it will cause greater friction and 
poorer lubrication of the neighboring sur- 
face. 

Q. What are the indications of a loose 
stem? 

A. Vibrations to and fro at each stroke : 
and if very loose, more or less thumping 
when the motion is reversed. 

Q. How can the main stem stuffing-box 
be adjusted while running ? 

A. By slacking the holding nuts and 
pushing the box inwards and holding it 
with moderate force while the nuts are be- 
ing retightened. 

Q. What are the causes of clicking valves ? 

A. (1) The inclined supports may not fit 
the feet of the valve proper at their outer 
or higher margins ; (2) the two plates form- 
ing the valve may be out of alignment ; or 
(3) the stem when screwed home may not 
be in perfect alignment with the valve. 

Q. What should be done if the inclined 
supports do not fit the feet of the valve at 
their outer and higher margins ? 
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A. The lower and inner parts of the in- 
clined supports should be scraped or filed 
away, or the feet dressed off. 

Q. What should be done if the two plates 
forming the valve are not in perfect align- 
ment? 

A. Take off the cover plates of the equili- 
brium rings, and with a hammer handle 
tap on the valve to locate those parts which 
are not in contact with the seats. Then 
take a long chisel and cut into the collars 
of the stretched rods at the points in ques- 
tion so as to turn them in a contrary direc- 
tion to that in which tightening the nuts 
tends to turn them. 

Q. If the valve clicks by reason of the 
stem being out of line with the valve, what 
should be done ? 

A. Slack the connection. 

Q. What should be done when the balance- 
ring orifices get imperfect from corrosion or 
wear? 

A. They should be rebored and new rings 
fitted to them. 

Q. Suppose when so refitted there should 
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be too much pressure upon the valve, what 
should be done ? 

A. More holes should be drilled, or little 
cavities may be chipped around those 
already in. 

Q. What is the effective leverage of the 
springs ? 

A. The shortest distance from a line pass- 
ing through the axis of a spring to the 
lever pivot. 

Q. When the spring is bowed out by cen- 
trifugal force, from what line is effective 
leverage measured ? 

A. From a line tangent to the curved 
axis of the spring at its point of attach- 
ment. 

Q. Will this bowing increase or lessen the 
power of the spring ? 

A. Lessen it. 

Q. How may it be prevented ? 

A. The spring may be prevented from 
curving by friction rollers, as is frequently 
done latterly with high speed. 

Q. How do you increase the speed of a 
Buckeye engine ? 



1 
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A. By one or more of the following 
changes : 

(A) Diminishing the amount of weight 
on the levers. 

(JB) Moving the weights along the levers 
towards the pivots. 

(C) Moving the spring clips along the 
levers from the pivots. 

(D) Using stronger springs. 

(E) Increasing the spring tension. 

Q. Are all these methods equally desira- 
ble ? If not, state how far each may be 
carried. 

A. Change (A) is preferable when the 
levers have heavy or medium weights on 
them, but should not be carried to the ex- 
tent of removing all or most of the weight, 
as the centre of force of the levers them- 
selves and their connecting links is nearer 
the centre of motion than when the levers 
are weighted ; consequently, if before the 
change the tension of the springs was up 
to the limit, racing will be induced by re- 
moval of the weights, and the reduction of 
tension required to stop it will counteract 
the desired effect of reduction of weight. 



Engine Runner*s CATEcmsM. 201 

Change (B) should not be carried to the 
extent of moving the weights off the inner 
bumpers. 

Change (C) should not be carried to the 
extent of causing the link heads to strike 
the springs, as tested by turning the eccen- 
tric ahead by means of its balance weight. 
A slight interference would not, however, 
be objectionable, as the centrifugal force of 
the springs will cause them to clear when 
running. 

Change (D) is always preferable for con- 
siderable changes, as the governor works 
best with ample weights on levers. 

Change (E) is always admissible to what- 
ever extent it can be applied without loss 
of stability of equilibrium, that being the 
limit of increase of tension for any purpose. 
When change (C) is made, about one half 
as much tension may be added as the clips 
have been moved, without fear of racing. 

Q. How would you make cut-off earlier 
at both ends of the Buckeye engine ? 

A. With the engine under consideration 
the cut-off is under control of the governor 
by which it is automatically made earlier 
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or later as required by changes of load and 
pressure. But the earliest cut-off within 
the range of adjustment may be made ear- 
lier by advancing the governor wheel on 
the shaft. 

Q. How do you make cut-off earlier at 
crank end only ? 

A. "With the qualifications just stated, 
by advancing the wheel as before called for, 
and at the same time shortening the con- 
nection between the cut-off rocker arm and 
the cut-off stem sufficiently to leave the cut- 
off at the other end same as before. 

Q. How do you make the exhaust release 
earlier at both ends ? 

A. (A) Without change of laps; by ad- 
vancing eccentric : but this will also make 
all the other functions of the valve (admis- 
sion, compression, etc.) earlier. 

(B) By cutting off the ends of the valve 
(diminishing exhaust lap), which will leave 
admission undisturbed, but will make ex- 
haust closure later. 

(C) By cutting off exhaust lap as in case 
(B) and at the same time advancing eccen- 
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trie suflSciently, the exhaust closure may be 
left as before. 

(2>) By making changes (C) and also add- 
ing steam lap, all functions except cut-off 
and maximum port opening may be left 
about as before, and as the cut-off of the 
main valve is always preceded byAthat of 
the cut-off valve, the former is of no conse- 
quence. 

Q. How would you make exhaust release 
earlier at crank end only ? 

A. {A) Without changing laps; by ad- 
vancing eccentric and at the same time 
shifting valve from crank end sufficiently to 
leave exhaust release at other end same as 
before ; but this would be accompanied by 
earlier admission and later cut-off at crank 
end, and later admission and earlier cut-off 
at other end. 

(E) By cutting off exhaust lap at crank 
end ; but this would cause later compres- 
sion (cushion) at the same end, this feature 
being unavoidable. 

(fi) By changes {A) together with suffi- 
cient steam lap added at crank end to re- 
store equality of admission or sufficient in- 
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crease of steam lap at both ends (most at 
crank end) to equalize admissions at same 
time in crank movement as before. But 
this would cause an earlier cut-off and re- 
duced port opening. 

(The port opening can in all cases be 
maintained against increased steam lap, by 
increased valve travel, but the problem of 
tracing out all involved changes and the 
adjustments required to correct them be- 
comes too complex for treatment in limited 
space.) 

Q. How do you make cushion earlier at 
both ends ? 

A. (A) Without changing laps ; by ad- 
vancing eccentric : but this causes corre- 
sponding acceleration of all other function. 

(B) By advancing eccentric and at same 
time adding sufficient exhaust lap (making 
valve longer) to keep exhaust release as 
before : but this would cause an earlier ad- 
mission and cut-off, 

(C) By changes (B) together with suffi- 
cient added steam lap to keep admissions as 
late as before ; but this would bring about 
earlier cut-off and reduced port opening. 
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Q. How would you effect earlier cushion 
at crank end only ? 

A. (A) "Without changing laps ; by ad- 
vancing eccentric and at same time shifting 
valve towards crank end sufficiently to leave 
cushion at other end same as before : but 
this would cause an earlier admission and 
cut-off. 

(B) By adding exhaust lap at crank end 
(making valve longer at that end), but at 
the expense of later exhaust release at same 
end. 

((7) By advancing eccentric and at same 
time cutting off exhaust lap at other end 
sufficiently to leave compression at that end 
same as before ; but these would bring 
about earlier exhaust release at both ends 
(more exhaust acceleration at the end cut 
than at the other), earlier admission, and 
earlier cut-off. 

(D) By changes (O) with at same time 
sufficient addition of steam laps to leave 
admission as before ; but this would cause 
earlier exhaust [as per (C)], diminished 
opening, and more cut-off acceleration than 
as per changes (CT). 
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Q. How would you increase the lead of 
a Buckeye engine at both ends ? 

A. {A) By advancing eccentric, but at 
the expense of acceleration of all other 
events. 

(B) By reducing steam lap, but at the 
expense of later cut-off and greater opening. 

(C) By changes (A) and {B) in proper 
proportion to give desired lead and increase 
without undue acceleration of any other 
event. 

Q. How would you increase the lead at 
crank end only ? 

A. Preferably {A) by diminishing steam 
lap at that end, as that makes cut-off later, 
and other things being equal the cut-off 
will be earliest at that end, owing to the 
virtual shortening of the connecting rod 
when deflected, and the consequent dis- 
placement of the proper position of the pis- 
ton towards the crank, more or less, at all 
points except the dead centres. 

(B) By shifting valve towards the crank 
end, and advancing eccentric sufficiently to 
leave same as before at other end, but at 
the expense of inequality in all other events. 
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Adjusting Corliss Engines * 

Q. In engines of this type (having a de- 
tachable valve gear, where the motion for 
working the valves is derived from the ac- 
tion of an eccentric) where there is no lap 
of the valve to be worked off, or the steam 
valve set edge to edge with the port open- 
ing, where would the eccentric be when the 
crank was on either centre ? 

A. At half throw. 

Q. Then where, during the rotation of 
the shaft, would the eccentric arrive at its 
greatest throw, and the opening motion of 
the steam valve cease, and thus the detach- 
ing mechanism remain inoperative ? 

A. About where the crank was on either 
dead centre. 

Q. Then when, if at all, must any libera- 
tion of the cut-off gear, actuated by the 
governor or other means, take place ? 

A. Before this point is reached in the 
crank travel, or before the eccentric com- 
mences its return stroke. 



* See also under " Fraser & Chalmers Corliss " and 
" Harris Corliss." 
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Q. If this action has not taken place, 
what then happens ? 

A. The steam valve commences to close 
positively at a speed governed by that of 
the eccentric. 

Q. In order to have a safe working lap of 
the steam valve, before the exhaust port 
upon that end is opened to atmospheric 
pressure, or to the condenser, and thus pre- 
vent any blowing through during the rela- 
tive time of closing the steam and opening 
the exhaq3t valves, what is essential ? 

A. That each valve admitting steam to 
the engine should be given a definite ad- 
vance in its movement relative to that of 
the exhaust. 

Q. What is this commonly called ? 

A. Lead, or steam lead. 

Q. Which require the most proportion- 
ately — large or small engines ? 

A. Large. 

Q. What effect has it upon the period of 
expansion ? 

A. It decreases it, by allowing less time 
during the travel of the eccentric before it 
reaches its full throw for the cut-off to act. 



k 
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Q. Where must this occur in this case ? 

A. Before half stroke is reached, or upon 
the opening motion of the steam valve. 

Q. When we see a card from a Corliss 
engine showing cut-off after half stroke, 
what does it indicate ? 

A. That the piston (which is at its max- 
imum velocity at half stroke) has had time 
to travel a little before the valve gear had 
been actuated so as to fully cover the port. 

Q. Where is this apparent cut-off, taking 
place after half -stroke has been reached, 
more prominently defined on the card ? 

A. As we increase the lap of the steam 
valve. 

Q. By increasing this lap, what are we 
enabled to do ? 

A. To open the exhaust valve sooner for 
the return stroke, thus giving a free open- 
ing for the exhaust in relation to the for- 
me^, and necessarily enforcing a later clos- 
ing of the valve, reducing the amount of 
compression. 

Q. What are the amounts of steam-valve 
lap and exhaust-valve opening for various 
sizes o( Corliss engines ? 
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A. They are given in the following table. 
Position of steam and exhaust valves 

WITH wrist lever AT ITS CENTRE OF 
MOTION. 
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LAPS or 
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A" 
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A" 


Q. How is 


this amount for each end of 


the cylinder 


obtained ? 




A. By lengthening or 


shortening of the 


connection leading from 


wrist lever to ex- 


haust arm, 


while the wrist lever still re- 
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mains at its centre of motion, until we 
bring the marks on the end of the exhaust 
valve to the distance required from the 
closing edge of the exhaust port. 

Q. If we shorten one steam connection, 
what is the effect ? 

A. To allow that end to open quicker 
than its neighbor, but at the expense of a 
reduction in the safe working lap that it 
should have with relation to the exhaust 
valve. 

Q. If we lengthen the connection what 
do we do ? 

A. We increase the lap of the valve, with 
the effect of opening it later, which condi- 
tion would call for a greater advance of 
the eccentric with relation to the crank. 

Q. In the wrist plate there are usually 
three marks ; what do they indicate ? 

A. One represents the position at half 
travel, or centre of motion ; one the wrist- 
plate position at out-board stroke end ; 
and the other its position at in-board stroke 
end : these three coinciding at the points 
named, with a mark on the wrist-plate 
stand or pin. 
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Q. What marks indicate the location and 
width of port openings ? 

A. There is a mark on each face of the 
valve port (shown when the back bonnets 
are removed) which comes in line with a 
mark oh the opening edge of the valve. 

Q. In preparing to set valves, what is 
the first operation ? 

A. To place the wrist lever at half throw, 
which, for horizontal engioes, is represented 
by the centre of carrier and wrist-lever 
pin being plumb. At this position, desig- 
nated above, the marks on the wrist lever 
and pin should correspond, and the whole 
mechanism be secured in that position by 
placing pieces of paper between the washer 
on the end of the pin and wrist lever, so as 
to produce friction sufficient to hold the 
whole in the desired position when the nut 
on the end of the pin is screwed up. This 
being accomplished, we may consult the 
annexed table giving the lap of the steam 
valve, and the relative position of exhaust 
valve when the wrist lever is at its centre 
of motion ; and thus fix upon the lap for 
the steam valve and the position of exhaust 
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valve desirable for the size of engine under 
consideration. By a lengthening or short- 
ening the connections leading from this 
wrist lever to steam lever we bring the po- 
sition of the opening edge of the steam 
valve to correspond with the amount of lap 
fixed for that case, which, of course, should 
be the same for each end of the cylinder. 
For the position of the exhaust valve, by 
consulting the table on page 211, we find 
for a 20" engine ^^th of an inch opening. 

Q. If we lengthen the connection leading 
to exhaust arm, what do we do ? 

A. We add lap to the valve, and increase 
the amount of compression at one part of 
its movement, and for the other part make 
its time of opening later, relative to the 
movement of the piston. We also retard 
the exhaust to the condenser. 

Q. If we shorten the connection, what do 
y^e do ? 

A. We increase the opening when the 
stud-plate is on its centre of motion, and 
consequently decrease the amount of com- 
pression thereby, with a corresponding 
earlier opening of the exhaust port. 



Engine Runner's Catechism. 215 

Q. What does this additional opening 
given to the valve by shortening connections 
also do ? 

A. It reduces the lap of the valve over 
the part that the exhaust valve should have 
during the period of time coincident with 
that of the steam valve when upon the 
point of opening for the admission of steam 
to the cylinder. 

Q. After we have ** squared the valves," 
to use a shop phrase, what is necessary ? 

A. Look after the carrier and eccentric 
rods, and see that their travel is equidistant 
from an established centre line of motion. 

Q. To what must we give our attention 
first? 

A. To the rod leading from eccentric to 
carrier arm, and termed the eccentric rod. 
(This rod is the first acted upon, and after 
once adjusted, will not be affected by any 
future adjustment found necessary for the 
carrier, or rod leading from carrier arm to 
wrist lever.) 

Q. Under what circumstances might this 
be found necessary ? 

A. If we should reverse the operation, 
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and thus make it necessary to go over the 
work a second time. 

Q. After we have found that the throw 
of the carrier lever is equidistant from an 
established plumb line, in its extreme travel 
each way, brought about by adjustments in 
the length of the stub end, in the end of the 
eccentric rod, until such a result is accom- 
plished, what may we do ? 

A. We may repeat the operation of turn- 
ing the engine by hand for the benefit of the 
carrier rod, or the connection leading from 
the wrist lever to the carrier arm, and so 
adjust its length that the wrist lever will 
travel the same amount each way from the 
centre of motion fixed by the marks upon 
the wrist lever and pin. 

Q. As we now have the valves adjusted 
relatively to one another, and also the 
throw of the carrier arm and wrist lever 
equally divided from centre of motion, what 
do we do next ? 

A. Place the crank upon one centre or the 
other, and roll the eccentric around on the 
shaft in the direction that the en^ne is to 
run, until we bring the opening edge of the 
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steam valve on that end of the engine that 
is next to take steam, ^d of an inch be- 
yond the line on the valve face representing 
the opening edge of the port, and secure the 
eccentric in position. 

Q. What is well then ? 

A. To bar the engine around to the other 
centre, and note if a similar opening is ob- 
tained, which will be the case if the rods 
are properly adjusted. 

Q. After satisfying ourselves of the cor- 
rectness of the movements, what may we 
do? 

A. Replace the back bonnets, and proceed 
to adjust the cam rods leading from the 
governor to the detaching levers on the 
valve gear. 

Q. In adjusting these cam rods what 
should we first do ? 

A. Block the regulator up to its extreme 
point of travel, and secure it, for a time, in 
that position. Then lengthen or shorten 
the rods leading from the governor to the 
valve gear on each end of the cylinder so as 
to bring the detaching apparatus into action, 
and allow the valve to be unhooked, with 
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the regulator in that positioD, when we roll 
the valve around by means of a starting bar 
placed in the wrist-lever, until the steam 
port is uncovered about Jth of an inch. 

Q. What is the object of this adjust- 
ment ? 

A. To prevent the engine getting beyond 
the control of the governor, if the load is 
suddenly removed from it by breaking a 
shaft or belt in the mill, or by extreme va- 
riation of the load, as in rolling-mill prac- 
tice, and similar service. 

Q. After the adjustment of cam rods has 
been made, what is next proper to do ? 

A. To lower the governor down to its 
lowest position, to see that the valve gear 
will not be detached at that level. 

Q. In this position of the governor how 
far should steam follow ? 

A. Full stroke. 

Q. In this position when should the valves 
be liberated ? 

A. Not until the governor has reached 
an elevation corresponding to nearly the 
normal speed of the engine and the load 
carried. 
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Adjusting the Fitchburg Engine. 

Q. Bow is tbe adjasting of tbe FJtchburg 
piston valves effected ? 

A. By looseuiDg the bolts of the clamps 
and sliding the rods through the clamps 
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either way, as desired, and then re-tigbten- 
ing the bolts in the clamps. 

Q. How would you increase the speed of 
a "Fitcbburg" engine ? 
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A. Either by tightening equally the ten- 
sion on both sets of springs in the governor, 
or by decreasing the weight of the centri- 
fugal weights. 

Q. How do you make maximum or latest 
possible cut-off earlier at both ends ? 

A. The governor completely controls the 
point of cut-off, but has no effect on exhaust 
release or on '* cushion." A decrease of 
the throw of the eccentric in the cut-off 
governor would have to be made, but never 
needed, as three-fourth cut-off is early 
enough for any automatic engine to adopt 
as its latest. 

Q. How do you make cut-off earlier at 
crank end only ? 

A. The valve rod is attached to its oper- 
ating mechanism by sleeve clamps, by which 
the valve can be adjusted for relative time 
of closure. 

Q. How do you make exhaust release 
earlier at both ends ? 

A. By advancing exhaust eccentric (which 
would also increase the ** cushion" unless 
the heads of exhaust valves were separated 
by placing washers between the valves and 
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the shoulder of rods), then evening up the 
valves by moving sleeve clamp on valve 
rod. 

Q. Same at crank end ? 

A. The exhaust valve rod is attached in 
a manner similar to the inlet rods; but both 
exhaust valves bearing upon one rod, they 
can best be independently altered by collars 
placed between them and the shoulders of 
the rod. (Place collar between the valve 
and the shoulder it is drawn up to — crank 
end.) 

Q. How do you make cushion earlier at 
both ends ? 

A. By advancing the exhaust eccentric or 
by facing off of shoulders of valve rod and 
advancing the exhaust eccentric to bring 
exhaust releases the same as before. 

Q. Same crank end only ? 

A. The proper proportion is provided for 
at the shop and is not readily altered. But 
it could be altered by removing the valve 
at the crank end from its rod facing up the 
shoulder on the rod further, and tightening 
valve again up to this new shoulder cushion 
can be readily made greater, at one end or 
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other, by readjusting the valve rod in its 
clamp, and a moment's thought will show 
which way to slide the rod. 

Q. How do you increase the lead at both 
ends? 

A. By loosening up the sleeve clamp upon 
both inlet valve rods and relocating on rods, 
recollecting that steam is admitted across 
the inside heads of the valves. 

Q. Same crank end only ? 

A. Adjust, as in previous answer, the 
valve for crank end only. 



Adjusting the Fraser & CHALMEBfih 
Corliss Engine.* 

Q. How are the valve stems of a Fraser 
& Chalmers-Corliss engine inserted ? 

A. From the opposite or front side of 
the cylinder, and the valves put in after 
them, the T-head of the valve stem entering 
the slot in the valve. 

Q. How are the valves, valve connecting 

 See also under beads ** (Jorliss Engine," and 
Harris-Corliss." 



*t 
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rods, dash pot, aod disc plate of a Fraser & 
Chalmers-Corliss engine put iD place? 

A. Tlie valves are all well marked to 
their respective places in the cylinder. AU 
the valve connecting rods are screwed up 
tight to proper length (after adjustment 



PlO. 107.— WaiBT Platk. 

jtnd Betting of valves in shop) before ship- 
ment. The dash pot connecting rods re- 
quire adjustment after dash pots are in 
place. (In the present style of engines the 
position of dash pot is unalterably fixed by 
a finished seat for each in the feet of cylin- 
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der.) Move the disc plat« (see Fig. 107) 
until line / marked on same meets line O 
marked on fixed disc bracket, then adjust 
the dash pot so that the claw of the valve 
connectiDg rod to steam valve engages the 
blow block free and easy ; repeat this with 
the other steam valve conaecUng rod. 
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Q. What makes the first ooaneeting rod 
especially easy to adjust ? 

A. The lines 1 and 2 on the disc plate 
represent its travel. The first eccentric rod 
will require no adjustment if plaoed as in 
Fig. 108, it being so marked on every engine, 
and the measurement from nut to mark 
being always two inches. Secure the eccen- 
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trie to the shaft as it is marked, always 
ahead of the crank— whichever way the en- 
gine ie required to rnn. 

Q. How would you adjust the governor 
and the cnt-oS rods ? 

A. Bolt the governor stand to its place 
on engine frame, first removing any grit or 
dirt upon surfaees which come together. 
Connect the cut-oS rods to cut-ofl cams, 
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also the governor rods and fixtures. The 
cut-oS rods are already adjusted to proper 
length before shipment from the shop and 
screwed up tight. If loosened by accident, 
they should be set thus ; set the governor 
in the top not«h of the collar (see Fig. 109), 
unhook second eccentric rod from disc plate, 
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and with the hand lever (which insert in 
disc plate for the purpose) move the valve 
gear to one end of its travel, as indicated 
by lines 1 and 2 on disc plate and centre 
line on fixed disc bracket (see Fig. 107) 
and adjust the rods so that the steel trip 
toe on the cut-off cam just touches the claw 
without unhitching same. Reverse the disc 
plate, and repeat this on the other end. 

Q. For what is the safety collar on the 
governor, and how is it adjusted ? 

A. The safety collar on governor {A fig. 
109) is provided with a spring which turns 
it. This collar is properly spaced so that 
the deep notch takes place of the shallow 
one ; and should the governor belt break, 
the governor would drop so low that the 
adjustable toe on the cut-off cam would pre- 
vent the claw from engaging the blow block, 
thus stopping the engine, as no steam would 
be admitted to the cylinder. 

Q. If the length of valve rods should 
have changed by accident, how should the 
valves be set again ? 

A. Place the valve disc on the centre (O to 
O fig. 107), remove the back valve chamber 
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covers where the edges of ports and valyes 
are marked plainly by chiselled lines, and 
set the valves according to fig. 110. Adjust 
the length of eccentric rod so that the valve 
disc swings equal both ways from the centre 
line on hub of disc (see fig. 107). Place the 
valve disc in the centre (\me& O and 0, fig. 
107) and set the valves as shown above, the 
admission or steam valves to have 5-16 inch 
lap, the exhaust valves edge to edge. Set 
the crank on the dead centre. Turn the ec- 
centric ahead of the crank pin in the direc- 
tion the engine is to run until the valve shows 
1-16 inch opening, then secure the eccentric. 
Turn the crank in the same direction around 
to the other dead centre. If any difference 
of opening is detected, it can be adjusted by 
the nuts on the eccentric rod, moving the 
rod in or out as the case may require. 

The Gardner Engine. 

Q. How would you proceed to set up a 
Gardner* three-cylinder engine, if every 
piece was separate from the others ? 

* Eagle Iron Works. 
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A. (1) Lay the engine down valve side 
up ; put on the chests and valves, connect- 
ing valve stems to eccentric blocks ; put on 
the eccentric and set valves. This is all 
done by the one eccentric at one time ; one 
revolution of the eccentric moving the three 
valves. 

(2) Take the pistons and insert ball end 
of piston rod into socl^et in piston and 
fasten the follower into place. Spring the 
piston rings into place and insert pistons 
into cylinders from out ends. 

(3) Set the engine upon its foot, and 
through the back opening insert the short 
or front shaft which runs governor and 
valve motion only. 

(4) Put in the crank shaft, first putting 
on bronze pin box and clamp ring, and in- 
sert it so that small end of crank pin 
enters the front shaft-crank disc and clamp» 
ing ring connects the piston-rods. Push 
the pistons into cylinders until the crank 
ends are close enough together to put on 
the outside clamp ring. 

(5) Wipe out cylinders clean from grit and 
oil ; then put on cylinder heads ; then 



\ 
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fasten engine to bed-plate and put on steam 
pipe in front or valve side ; set governor in 
place on top of steam pipe ; then put on 
back bearing, sliding it on the shaft, bolting 
it into place. Put on pedestal and caps. 
Connect steam and exhaust pipes. Put 
lubricator on to steam pipe. Put on and 
key fly-wheel. 

Before starting, open cylinder cocks and 
warm up engine. After starting, leave 
cylinder cocks open until cylinders are free 
from water ; then close them. 

Q. What can you say in regard to the 
governor? 

A. In putting governor together place 
the valves on so that the set screws will be 
on opposite sides from shaft, and see that 
the joint of cover is made on with a thin 
coating of red and white lead, well mixed 
with boiled oil. 

Q. How would you change speed ? 

A. Remove plug in case and turn engine 
over until a slotted screw is seen upoo the 
inside. To increase speed, turn screw out- 
ward ; to lessen, inward. There are two of 
these slotted screws, one on each valve ; 
both can be used if necessary. 
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The Harris-Corliss.* 

Q. Where will the marks showing about 
the valve adjustment of a Harris-Corliss 
engine be found ? 

A. Upon the back bonnet side of the 
cylinder, and upon the back ends of the 
valves. 

Q. What marks will be found ? 

A. For the steam ports there is a mark 
upon the cylinder coinciding with that edge 
of the port which is towards the end of the 
cylinder ; and a mark upon the back end 
of the valve coinciding with the edge of 
the valve towards the end of the cylinder. 

Q. In the Harris-Corliss engine, in which 
direction is the lap movement of the steam 
valve ? 

A. Towards that end of the cylinder in 
which the valve is placed. 

Q. In this type of engine, which is the 
opening edge of the exhaust valve ? 

* It will be well la thU connection to read under 
the head of ** Corliss Engines'* page 908: also to note 
resemblances and differences under head " Fraser A 
Chalmers Corliss/* 
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A. That side of the opening towards the 
centre line of the cylinder. It is marked 
upon its back end. 

Q. What marks has the wrist plat« ? 

A. Marks showing the extremes of travel 
of its centre of motion. 

Q. How do you set the valves of a Harris- 
Corliss engine ? 

A. Pat the wrist plate upon its centre 
mark ; then by the adjusting threads set the 
exhaust valves at the point of opening ; 
then lap the steam valves to the desired 
amount (from i to f inch ; large engines 
requiring the most lap have lead), then con- 
nect the wrist plate and the eccentric by the 
eccentric rod and hook ; turn the eccentric 
upon the shaft to see if the wrist plate takes 
its full travel. Adjust the eccentric rod 
socket screw until the plate gets just the 
right travel. Put the crank upon either 
dead centre ; roll the eccentric enough more 
than J revolution ahead of the crank, to 
show the opening of the steam valve neas- 
est the piston, of ^ to i inch lead, accord- 
ing to the speed : the highest speeds taking 
the most lead. Tighten the eccentric set 
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screw, and turn the engine oyer to see if the 
other steam valve is set relatively the same. 
If it is not, adjust by shortening or length- 
ening its connections until it does. 

Q. When this make of engine is at a state 
of rest, in what position is the governor^ 

A. The weight of the balls rests upon 
a pin in the side of the governor column. 

Q. How can the cam rods be adjusted ? 

A. Let the governor balls rest upon the 
stop motion pin. Move the wrist plate to 
one end of its travel, and adjust the cam 
rods for the steam valve which is now wide 
open, to bring the steel cam on the cam 
collar in contact with the circular limb of 
the cut-off hook ; move the wrist plate to 
the other extreme of travel, and adjust the 
other cam rod in the same manner. 

Q. How do you test the correctness of the 
cut off of the Harris-Ck>r]iss engine ? 

A. Back up the governor to about its 
medium height. With the eccentric con- 
nected to the wrist plate, turn the engine 
shaft 'slowly in a go-ahead direction, and 
when the cut-off hook is detached by the 
cam, stop and measure upon the guide the 
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distance that the cross head has travelled ; 
then keep qd turning the shaft, and see 
that the other steam valve is tripped when 
the cross head has made the same distance. 
If the cut off is not equal, adjust the cut-off 
rod3 until they become so. 



Adjusting the Ide Engine. 

Q. How do you increase the speed of an 
Ide automatic cut-off engine, with valve on 
the side ? 

A. By moving the weights nearer to the 
fulcrum of the governor levers, or by in- 
creasing the tension on springs. 

Q. How do you make the governor regu- 
late more closely ? 

A. By moving the sliding block to which 
the end of the spring is attached nearer to 
the rim of the wheel. 

Q. How do you make cut-off earlier at 
both ends ? 

A. The cut-off is determined by the posi- 
tion of eccentric, which is determined by 
the speed, and the load will regulate the 
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speed, and a slight change of speed takes 
place in running the engine light or loaded. 
Q. How do you make exhaust release 
earlier at both ends ? 
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A. The exhaust release is fixed and can 
be made earlier only by shortening the 
valve. 

Q. How do you make exhaust release 
earlier at crank end only ? 
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A. Bjr lengthening the valve rod, or 
shortening valve at crank end. 

Q. How do you make cushioa earlier at 
both ends ? 
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A. This can only be accomplished by 
making a longer valve. 

Q. How do yon make cnsbion earlier at 
crank end only ? 

A. By shortening the valve stem. 

Q. How do you increase the lead at both 
endst 
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A. The position of eccentric on the shaft 
is fixed and the lead on either or both ends 
can be changed by making an off-set in the 
key which secures the wheel and eccentric 
to the shaft ; or by cutting off the inside 
edge of the valve. 

The New Egonomizer Engine. 

Q. In starting a "New Economizer" 
portable engine what should you do ? 

A. See that the cylinder-cocks are open 
at the cylinder, and always open first before 
stopping, and leave them open until start- 
ing again ; then open the starting valve 
slowly at first, until the engine is up to its 
speed ; and when the water is all out of 
the cylinder, close the cocks. 

Q. Should the pump fail to work what 
should you do ? 

A. Close the stop cock at the boiler 
where the check-valve is, and unscrew the 
cap over the check valve ; take out the 
valve, and clean the seat and the valve of 
any dirt, and replace them again, after 
which open the stop cock again at the boiler. 
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If the pump still fails to work remove the 
air chamber, which is over the valves of the 
pump ; remove the valves and clean them 
of any dirt there may be on the valve or in 
the chamber, and replace again, and the 
pump is in working order. See that suction 
pipe or hose is properly put on, so that it 
does not leak air, which sometimes causes 
failure of pump to work. 

Q. How would you pack the piston rod, 
valve rod, and pump plunger ? 

A. By unscrewing the caps on the stuff- 
ing boxes, and with a hooked wire pulling 
out the old packing ; then, filling the stuff- 
ing boxes with good hemp packing, braided 
or twisted up into a kind of cord, size of 
the space around the rod, oiling well before 
putting it in, being careful not to draw 
them up too tight ; rather having them a 
little loose, so a little water will leak 
through ; this will keep the packing moist 
and in good order, and not cut up the rods, 
which happens when the packing is drawn 
up very tight. 

Q. How would you regulate the speed of 
tUe engine ? 
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A. The governor is provided with a 
speeder, by which the speed can be varied 
to suit circumstances. The arrangement is 
a spring on the side of the governor, which, 
by tightening, will increase the speed, and 
by loosening, will decrease the speed. By 
this arrangement the speed may be regu- 
lated while the engine is in operation. 

Q. How would you change the point of 
cut-off, or reverse the engine ? 

A. Loosen the nuts that hold the eccen- 
tric ring to the eccentric plate and push 
the ring slightly toward the shaft to cut off 
closer ; farther from the centre if desired 
not to cut so close. Pushing the ring in 
the slot so that it passes the centre, and the 
body of the ring is on the opposite side of 
shaft, reverses the engine. 

Q. How would you adjust the engine ? 

A. The crank-shaft boxes and the eccen- 
tric straps are provided with thin liners be- 
tween them ; by reducing them the adjust- 
ment is made. But before doing this one 
should see that the nuts on the bolts of 
these parts are drawn up tight, and .if they 
are, and an adjustment is required, should 
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reduce bat little at a time. This is the 
safest way of adjusting, and is very simple. 
To reduce the liner, the nuts and caps 
should be taken off and removed, replaced 
again, and drawn up tightly. 

Setting Up the Phcenix Engine. 

Q. How would you proceed to set and 
start a Phoenix engine ? 

A. After setting, accurately leveling and 
firmly securing to the foundation the bed 
plate and outboard bearing, take the crank 
shaft and slip over it the governor with its 
accompanying eccentric pushing it well up 
the exhaust eccentric which is already in 
place upon the shaft ; taking care to keep 
the open side of the governor away from 
the exhaust eccentric. Next insert the 
shaft in the fly wheel (and pulley if any) 
and lower the whole to its place in the bear- 
ings. Remove the pin from the cross head, 
slip the connecting rod over the crank pin 
and bring it back until it enters the cross 
head, first placing the steel bushiug in the 
connecting-rod brasses, with the large en4 
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of the hole outward ; insert the cross-head 
pia and drive it to its shoulder with a hard- 
wood block and secure it by means of the 
nut on the back of the cross head. (Place 
the engine on its forward centre while 
doing this, as that brings the nut within 
easy reach of the bent wrench provided for 
the purpose.) Then tighten up the nut on 
the outer end of the cross-head pin. 

Set up the post which carries the sight 
feed oil cup for the crank pin, the covering 
plate and washer, which carries the centrif- 
ugal oiler, slipping the ball over the end 
of the tube leading from the post, and plac- 
ing the ball exactly in the centre of rota- 
tion, taking care that there is no contact 
between moving surfaces. To arrange the 
oiler for the cross-head pin, screw the little 
tube with the elbow into the hole in the 
crosshead above the pin and screw the brass 
cup with brush into the elbow ; place the 
little column with cross bar in the tapped 
tube, on top of the bed plate, nearest the 
crank shaft and adjust the tube leading 
down from the sight feed cup so as just to 
clear the top of the brush. 
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Screw the large column and cross bar 
with two tapped holes in place on the main 
bearing cup, and insert the two oil cups for 
eccentrics. 

Put on the eccentric straps and rods and 
see that none of the liners between the 
cones on the various pins of the rock arm 
and belt crank are omitted ; also that the 
centre punch marks on the eccentric rods 
are the proper distance from the faces of 
the strap bosses. Draw all the nuts on the 
rock-arm and bell-crank pins securely to 
their places, trying each bearing to see that 
there is perfect freedom of motion. Move 
the governor around the shaft, in the di- 
rection in which the engine is to move, un- 
til the mark on the hub is ^ inch ahead of 
that on the shaft. This gives the engine 
the proper bend. Screw the governor to 
its place by screwing up the large set screw 
through the hub near the arms and the two 
set screws through tha band or collar on 
the end of the hub. Move the fly-wheel 
(and pulley if any) to place, and drive the 
keys in firmly. 

Examine the cylinder oiler to see that it 
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works properly, also the set screws in the 
governor weights, that there may be no 
danger of the weights flying off. 

After connecting up the steam pipe, take 
off the back steam-chest cover and remove 
the valve ; turn on the steam and thorough- 
ly blow out any foreign substance there 
may be in the pipe ; replace the valve, drive 
the taper pin through the ball-joint socket 
and the valve stem, and replace the steam- 
chest cover. Throw out the eccentric hooks 
and place the engine on one of its centres. 
Throw the valve so that the exhaust and 
steam passages of one end are open at the 
same time ; turn on the steam and let all 
water escape and the steam pass through 
for a little while until the chest is thoroughly 
warmed. 

Insert the starting bar with the lugs away 
from the engine, turn on a little steam and 
see that the valve moves freely in the chest ; 
shut off the steam, reverse the starting bar 
so as to lock the rock arm and bell crank 
together ; move the valve until the exhaust 
eccentric hook can be thrown in ; lock the 
hook; reverse the starting bar again and 
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start the engine by hand slowly ; throw in 
the cut-off eccentric hook and remove the 
starting bar ; care being taken that the ec- 
centric-hook lock nuts are securely fastened. 
Turn on full steam gradually and the engine 
is in running order. 

Setting Up and Adjusting a Porter- 
Allen Engine. 

Q. How is the bed of a Porter- Allen en- 
gine lined ? 

A. In the usual manner by a line through 
the cylinder, which is bolted to the end of 
the bed, in line with the guides. 

Q. Suppose the cylinder is not yet bolted 
on? 

A. It is represented by the bore in the 
head of the bed, and the line is to be con- 
tained midway between the side rails of the 
lower guide bars. 

Q. How can the shaft be squared ? 

A. The crank disc is finished on the shaft 
centre after the pin has been set, and con- 
sequently the face of the rim is at right 
angles to the axis of the shaft. Test faces 
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are planed on bed by which the shaft is set, 
so that the distance between the disc rim 
is equal at all the faces referred to. 

Q. Should the shaft get out of line how 
may it be squared ? 

A. By gauging between the rim of the 
crank disc and bosses provided on the bed. 

Q. How can you line the engine with a 
shaft placed at a higher or a lower level ? 

A. Supposing that the other shaft is not 
in place, but is represented by a tightly- 
drawn line from two points as far apart as 
practicable, drop plumb lines nearly but not 
quite touching this line. Then by these, 
straighten another line parallel with the 
first, and at the same level as the centre 
line of the engine and at right angles with 
this stretch another, representing this cen- 
tre line, and extend both each way to per- 
manent walls, on which their termination, 
when finally located, should be carefully 
marked, so that at any time they may be 
reset. 

In order to get the latter line exactly at 
right angles with the former, there are two 
ways ; one of which is as follows : 
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One end of a measuring line is attached 
to some point of the line No. 1, and its 
other end is taken successively to point on 
line No. 2 on the opposite sides of the inter- 
section, as shown in Fig. 117, in which AB is 
a portion of line No. 1, and CD of line No. 
2, the direction of which is to be deter- 
mined. BF and BG are the same measur- 
ing line fixed at B and applied to the line 
CD at successive points -Pand G. The dis- 
tances BF and BG being the same, when 
FF is equal to EG^ the lines AB and CD are 
at right angles with each other. 

By the other method, application is made 
of the fact that in any right angled triangle 
the square of the longest side is equal to 
the sum of the squares on the other two 
sides ; so that if we have a right ang<ed 
triangle, having the two sides which are at 
right angles 3 and 4 respectively, the short 
side, opposite the right angle, will be 5, 
whether these units are feet or yards ; and 
the same is true of any multiples of these 
Nos. 3, 4 and 5, as 6, 8 and 10 ; or 9, 12 
and 15. 
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Q. How can you line the engine with a 
shaft to which it is to be coupled direct ? 

A. Supposing that the engine bed and 
the bearings for the shaft are already about 
in position, level them by a parallel straight 
edge and a straight spirit level ; then to 
line them horizontally, run a line through 
the whole series of bearings, and continue 
to a permanent wall at each end upon which 
its endings should be marked. Set a piece 
of wood in each end of each bearing, and 
paint or chalk its surfaces white. Find the 
middle of each piece (by compasses) and 
draw two fine lines across it equally distant 
from the middle, and having between them 
a space a little wider than the thickness of 
the line. Straining this, nearly touching 
the blocks (if it is long, separating its sag 
by them), the two marks on each block 
must be seen, one on each side of the Hue, 
with the line of white between. 

Q. When the valves of a Porter Allen 
engine wear, how may the wear be taken 
up? 

A. By means of the equilibrium plates, 
which are shown in Fi^rs. 118 to 121 inclu- 
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sive, which give sections through the steam 
chest at one end of the cylinder. Figs. 118 
and 119 are horizontal sections showing the 
four opening valves ; first, when commenc- 
ing to open (the arrows indicating the course 
of the steam), second, at the extreme point 
of the lap. Figs. 120 and 121 are vertical 
sections showing the pressure plate ; first, 
when by turning the bolt d forward, it is 
forced up the inclines and away from the 
valve, leaving a bad leak ; and second, when 
it is let down to its proper working position. 

A is the port, B the valve, C the pressure 
plate. This plate rests upon two inclined 
supports cc^ and the pressure of the steam 
forces it down those inclines as far as the 
bolt d underneath will allow. 

Q. How can you detect leakage ? 

A. When the engine is warmed up to its 
working condition, open the indicator cocks, 
or if there are none, remove the plugs from 
the top of the cylinder, unhook the link 
rod, and set the valves by the starting bar 
so that both ports are uncovered, and turn 
on steam. If the valve leaks at the end of 
the cylinder which is not then open to the 
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air or to the condenser, the steam will blow 
out there. 

Q. Are there any special precautions in 
making the adjustment of the pressure plate 
to stop this leak ? 

A. One person should work the starting 
bar while another very carefully lets down 
the pressure plate, observing that the jam 
nut is tight in place. 

Q. How would you do in small engines 
which have no starting bar ? 

A. Set the crank at about three-fourths 
of each stroke, where the steam is sure to 
be cut off, and fill the valves by moving 
the governor up and down. 

Q. How should a Porter- Allen engine be 
started ? 

A. Always with a starting bar, because 
the valves warm up more quickly than 
their supports, and will be tight at first. 

Q. How would you set the admission 
valves of a Porter- Allen engine ? 

A. Place the engine upon its dead centre, 
as will be seen by the coincidence of the 
marks upon the collar of the shaft and the 
corresponding end of the upper box. Then 
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raise the governor to its highest position, 
bringing the block between the trunnions 
of the link. With the governor up, set the 
valve that is about to open, giving it a lead 
^^"h ^ -^ i^^^} according to the size of 
the engine. 

Q. When after doing this you let the gov- 
ernor down, what will you notice about the 
valve position ? 

A. The valve will be moved a short dis- 
tance towards the crank ; thus covering 
the port nearest the crank and enlarging 
the port opening furthest from it, so that 
the lead which is equal at the earliest point 
of cut-off will be gradually diminished at 
the crank end of the cylinder, and increased 
at the back end, as the steam follows fur- 
ther. 

Q. Suppose that the indicator shows that 
the lead of either admission valve requires 
to be changed, how may it be done ? 

A. By lengthening or shortening the 
stem at the socket of its guide bar by means 
of nuts, bearing in mind that each valve 
moves towards the middle of the cylinder 
to open its port 
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Q. What care must be taken as regards 
the setting of the exhaust valves ? 

A. Before closing the valve chest, to turn 
the engine slowly through an entire revolu- 
tion, while the movements of the valves are 
carefully w^atched, so as to ensure that they 
have not been so set as to bring the valves 
or their nuts into contact with the ends of 
the chest at the extremes of their move- 
. ments. 

Q. How can you tighten the side boxes of 
the main bearing of a Porter- Allen engine ? 

A. By drawing up the wedge with the 
bolts, by which it is suspended from the 
cap. 

Q. When is the time to do this ? 

A. When the engine is running, and the 
freedom of the journal between its side 
boxes can be felt. 

Q. How do you take up the connecting 
rod boxes ? 

A. In this engine the crank upon end of 
the rod is solid, and the boxes are held by 
a broad wedge which is tapped through ; 
and two bolts are screwed into it, one pass- 
ing through the upper, and one through 
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the lower side of the rod. To tighten the 
boxes, loosen the bolt which enters the thick 
end of the wedge, draw the wedge with the 
other bolt, and lock it by tightening the 
first one. 

Q. How often should the engine be lubri- 
cated ? 

A. About every five hours, giving enough 
oil in the lubricators to maintain the neces- 
sary head, and putting a few drops on the 
joints and rockers in the valve gear. 

Setting Up the Porteb-Hamilton Engine. 

Q. How is a Porter-Hamilton engine set 
up and adjusted ? 

A. The bed is shipped with cylinder at- 
tached, and at the bottom and sides of the 
guides are part of the bed-plate casting and 
are perfectly symmetrical and in line with 
the cylinder. After setting the bed level, 
a line is stretched parallel and on the same 
level with the axis of the cylinder in front 
of the engine. 

This is easily done without taking the 
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piston out by setting out equal distances 
from the centre of the outer end of the cyl- 
inder and from the centre of the crank end 
of the guides. The shaft is then laid in the 
pillow blocks and levelled up and is squared 
up by moving the outer pillow block until 
both sides of the crank disc are equally dis- 
tant from the line. 

The crank disc is turned true after being 
shrunk on the shaft, and if it is inconven- 
ient to get a level on the shaft it may be 
levelled by plumbing the face of the disc if 
it is done carefully. The squaring, level- 
ing and alignment of the line must of 
course be gone over again carefully before 
finally setting the outward pillow block. 

The bed and pillow block are set in the 
usual way by pouring melted sulphur under 
the bed on top of the foundation ; care 
being taken not to allow the sulphur to flow 
into the bolt holes in the bed around the 
bolts.* 



* For setting heavy engines the builders prefer flit 
ing between the bottom of the bed and the foundation 
with cement and sand rather than sulphur. Iron 
borings, sulphur, and sal ammoniac well tamped in 
makes a very substantial setting for heavy engines. 
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Q. If for any reason the valve should not 
travel square — that is, if the lead should 
not be equal at both ends, how should it be 
squared t 

A. By screwing the valve stem into or 
out of the yoke around the valve. Many of 
these engines are now made with piston 
valves; and with these the adjustment for 
squaring the valve is made at the other end 
of the valve stem when it is screwed into a 
brass spade handle. 

Q. How is the lead changed ? 

A. By advancing or receding the eccen- 
tric. 

Q. How would you increase the speed of 
a Porter- Hamilton engine ? 

A. The engine having an ordinary throt- 
tling governor, small changes are made by 
the "speeder "; large ones by changing the 
diameter of the governor pulley. Where 
the Gardner governor is used, as is ordi- 
narily the case, the speed is increased by 
sliding out the weight on a horizontal bar. 

Q. How would you make cut-off earlier 
at both ends ? 

A. By advancing the eccentric. 
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Q. Would this affect the admission, ex- 
haust, etc.? 

A. Yes. 

Q. How would you change the steam lap? 

A. The piston heads of the valve are sep- 
arate and fastened on the valve stem so 
that the distance between the edges of the 
valve can be varied. This is the steam lap 
can be varied but not independently of the 
exhaust lap. 

Q. How would you make cut-off earlier 

at crank end only ? 

A. By adding lap to the crank end of the 
valve. 

Q. How would you make exhaust release 
earlier at both ends ? 

A. By advancing the eccentric. 

Q. How would you make exhaust release 
earlier at crank end only ? 

A. By cutting off exhaust lap at that end. 

Q. How would you increase the lead at 
both ends ? 

A. By advancing the eccentric and cut- 
ting off the lap. 

Q. How would you increase the lead at 
the crank end only ? 

A. By cutting off the lap at the crank end. 
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Adjusting the Putnam Engine. 

Q. How would you go about to attach 
the regulator of a Putnam engine ? 

A. After the regulator had been put 
together, raise the balls to the regulator as 
high as they will go and hold them in that 
position ; then push in the steam levers 
far enough to allow the cams which oper- 
ate them to be turned around, clearing the 
levers without lifting the valves. While 
the levers are in this position, tighten the 
set screw in the rocker arm at the bottom 
of the regulator, when the balls may be 
lowered and the regulator attachment made 
complete. 

Q. How would you change the direction 
of the fly wheel ? 

A. Before setting the valves, the set 
screw in the bevel gear on the side shaft 
(which operates the valve gear) should be 
screwed up tightly and also the main shaft 
gear as shown in Fig. 131. The gear C, as 
shown in Fig. 132 on the side shaft, is in 
the proper position to run the top of the 
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fly wheel in the direction from the cylinder. 
To change that direction of motion, the 



gear C sbonid be taken off and placed oa 
the opposite side on the shaft, instead ol 
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the collar i>, and the collar D should be 
placed where the bevel gear C had been. 
This will be the right setting for the top of 
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the fly wheel to ran towards the cylin- 
der. 

Q. Before setting the valves of a Putnam 
engine, what should be done ? 
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A. Place the crank on the dead centre 
nearest the cylinder. 

Q. In what order should the valves be set ? 

A. First, steam valve No. 2, then exhaust 
valve No. 4, then steam valve No. 3, and 
last, exhaust valve No. 1. See Fig. 132. 

Q. How is steam valve No. 2 set ? 

A. Beginning at the cam No. 2, make a 
scratch mark or line on the valve stem 
(above the cam) i^ inch below the pack- 
ing box ; then turn the steam cam No. 2 
by hand in the direction shown by the 
arrow in Fig. 132 until it strikes the lever 
and raises it and the valve stem r^ inch as 
shown by the scratch line. Holding it at 
that point, tighten and set screw in the 
cam, hard. 

Q. How would you set exhaust valve 
No. 4? 

A. Keeping the crank on the back centre, 
take exhaust cam No. 4 and set that valve 
in the same manner as valve No. 2 was 
set, excepting that the scratch line should 
be made ^ inch below the packing box of 
the valve stem, so as to raise the valve t\ 
inch ; at which point tighten as before. 
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Q. How would you set steam valve No. 
8? 

A. Turn the fly wheel in the direction 
in which it is to run, until the crank 
reaches the dead centre farthest from the 
cylinder ; then set the stem cam No. 3 in 
the same manner as No. 2, except that the 
scratch mark should be ^ inch below the 
packing box, letting the valve rise ^ inch 
instead of ^^ inch as with No. 2. 

Q. How would you set exhaust valve 
No. 1? 

A. Without moving the crank take ex- 
haust cam No. 1, and set in the same man- 
ner and at the same height (y^ inch) as for 
valve No. 4 ; in all cases making the set 
screws in the cams tight, when the valves 
are raised to the height as indicated. 

Q. In case the regulator of a Putnam 
engine became unsteady, what should be 
done? 

A. When this is the case, as may be seen 
by the balls of the governor dancing up 
and down rapidly, tighten up slightly two 
cap bolts on the rocker arm shaft, until the 
difficulty is overcome, (the caps bearing 
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this shaft are lined with leather for the 
pnrpose of giving more or less friction to 
shaft). 

Q. What would be the effect of over 
tightening these caps ? 

A. The regulator would be held so that 
it would not respond quickly. 

Q. In case the leather lining of these caps 
become worn by use, so that it will not 
hold the shaft sufficiently by friction, what 
should be done ? 

A. The caps should be taken off, and 
several thicknesses of paper put between 
the cap and the leather, then the caps re- 
placed as before. 

The Rockwell Engine.* 

Q. Why is the main valve of a Rockwell 
(Barney & Kilby) cut out more on the out 
end than on the crank end ? 

A. To equalize compression (the necessity 
arising from the angular distortion caused 
by the rods). 



 Formerly Biyney & Kilby. 



278 Engine Runner's Oatbohish. 

Q. How would you proceed to set the 
valves of a Rockwell engine ? 

A. Put the engine on its perfect dead 
centre, then move the main valve up to its 
proper lead (after equalizing its travel and 
length of rods), usually from 1-32 inch to 
1-8 inch, depending on the size of the en- 
gine. After turning the engine over to 
prove the other end and making sure that 
the main valve is adjusted properly, again 
move the engine to its dead centre. Raise 
the double link up to its extreme travel and 
block it there for early cut-off or zero. 
Adjust the cut-off eccentric rod to travel 
the rock arm evenly on both sides its centre 
(this is very important as it will throw the 
link to cut-off later or earlier in the piston 
travel in proportion to its being out on 
either side of centre travel). Then throw 
.the high part of the cut-off eccentric ahead 
of that of the main eccentric, from one inch 
to two inches (depending on the size of en- 
gine) in the direction the engine is to run, 
and fasten it there temporarily. Next, 
bring up the cut-off valve for that end of 
the cylinder, and set it just. to close the 
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ports on the back of the main valve for zero 
at that end. 

Turn the engine over to the opposite dead 
centre, and move up the cut-off valve just 
to close the port as before for zero at this 
end, all the while leaving the double link 
blocked up to its highest point. 

Now take out the blocking, drop the link 
to its fullest travel, and move the engine 
around in the direction in which it is to run. 
Watch the valves, and when they cut-off, 
stop and measure the travel of crosshead 
on the guides (from marks previously made 
when. the engine was on the dead centre). 
Move the engine around to the other end, 
bring to point of cut-off and measure on 
guides as before. This will give the latest 
point of cut-off, and in no case should it be 
later than the point of cut-off of the main 
valve (three-fourths travel). 

This gives a preliminary setting of the 
cut-off valves. 

Turn the engine around (having raised 
the link) and watch it at early cut-off. 

Q. Should it occur that by not noticing 
the marks on the eccentric you have given 
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the cut-off eccentric too much advance 
ahead of the main eccentric, what would 
be the result ? 

A. The cut-off would occur too soon ; in 
case the advance is insuflScieut the ports on 
the main valve would be left open through- 
out the entire stroke of the piston. 

Q. After ascertaining that the early and 
late cut-offs are even, what next ? 

A. Raise the double link by inches and 
watch the cut-off at both ends of the cylin- 
der, measuring the guides and comparing 
each end's cut-off with each inch in height 
of the link. 

This is what is termed ** setting the valves 
cold." They should be balanced up after- 
wards by the aid of the indicator, and with 
this in view the engine is so constructed as 
to make all adjustments from the outside. 

Q. In case more or less compression is 
wanted to balance the reciprocating parts, 
how would you give it ? 

A. Move the eccentric ahead for more, 
and back for less, lead of the main valve. 
Both eccentrics should be moved exactly 
the same amount to keep the proper relation 
between the main and the cut-off valves. 
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Adjustment op the Rollins Engine. 

Q. Give a general description of the 
Rollins engine ? 

A. This engine bears in its general make 
up some resemblance to the Corliss, but in 
many respects, especially in the matter of 
valve adjustment, is entirely dissimilar. 
Fig. 133 shows the steam side of the cylin- 
der with the wrist plate, steam valve oper- 
ating mechanism, steam chest, etc., and a 
section of the exhaust valve. Fig. 134 is 
a section through the cylinder showing 
the steam valve and port valve .connec- 
tions. The wrist plate, from which mo- 
tion is transmitted to the valves, is upon 
one side of the engine, and the motion is 
transmitted directly to the steam valve 
through the rod and bell crank. This 
bell crank lifts a block which engages 
with a plate which is connected to the 
valve stem, and which on being raised 
opens the valve. Each of these pieces has 
eight wearing surfaces and may be changed 
as wear takes place. The latch that holds 
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the plate has an inclined tail piece extend- 
ing below the crank on the governor shaft ; 
and when it is raised enough to be touched 
by the pin upon this crank, the plate will be 
pulled off from the block and the valve, by 
means of gravity and the steam pressure 
due to the area of the valve stem, will close 
very sharply. The position of the crank 
is varied by the governor, according to 
the load and the boiler pressure, approach- 
ing the valve stem as the cut-off becomes 
earlier. 

The exhaust valves are of the Corliss 
type, and get their motion from arms on 
the end of the wrist-plate shaft, which ex- 
tends across the cylinder to which they are 
connected with right and left rods. 

Q. How would you adjust a Rollins en- 
gine? 

A. First see (as with a Corliss) that 
the rocker arm to which the eccentric 
rod is connected, swings to equal dis- 
tances each side of a plumb line from its 
centre of rotation (making it do this, by 
lengthening or shortening the eccentric 
rod). Make the wrist plate travel to its 
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marks by adjusting the length of the hooked 
rod mhich conoects the rocker arm with the 
\Trist plate. Then the wrist plate shoald 
be put ia its central position as with a 
Corliss. Then adjust the right and left 
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rods on the steam side, until the arms 
of the bell cranks move through equal 
spaces on each side of a line drawn at right 
angles to the valve stem to the centre upon 
which the bell crank turns. This being 
right and the movement being equal in 



Engine Runner's Catechism. 285 

each direction, I would not attempt to ad- 
just the opening or closing of the valves by 
them, as in the Corliss type, but would let 
them alone and turn to the adjustment of 
the valve upon its stem as in a slide-valve 
engine, screwing the valve stem back or 
forth in the nut in order to alter the 
relative position of the valve and its ports. 
When the wrist plate is on the centre, the 
valves will require to lap about one-quarter 
inch on the opening edge ; and when they 
have been set unhook the valve, let it 
drop into the dash pot as far as it would 
go, and see that I had one-eighth inch 
lap on the top side, because if the valve 
was set so low as to open on this edge, 
steam would be admitted while the ex- 
haust was open and while the piston was 
coming toward that end of the cylinder. 
Then with the rights and lefts on the ex- 
haust side I should set the valve cranks so 
that the marks upon the cranks coincided 
with those upon the bars upon which they 
turn when the wrist plate is in its central 
position. If these marks are not apparent 
I wo^ld set each valve so that it was just 
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square with the edge of the port when the 
wrist plate was in its central position. 
Then I should turn the engine hook on the 
wrist plate, and set the eccentric so that the 
steam yalve on the end which should be 
taking steam would be open about one 
thirty-second of an inch. If I am accurate 
in the previous work I will find that upon 
turning the engine over to the opposite cen- 
tre, the other valve will have the same 
amount of opening. 

Q. How can^ou balance the load between 
the ends and the cylinder ? 

A. By turning a little screw which will 
be found upon the head end governor 
crank. By turning it in one direction or 
the other, it will be found that the cut-off 
of the head end may be lengthened or 
shortened to match that on the crank end, 
and the load on the engine thus equalized. 

Q. Suppose that on applying the indicator 
the engine is found too early all around, 
what should be done ? 

A. The eccentric should be set backward. 

Q. How are the points of release and 
compression governed ? 
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A. By the adjustment of the exhaust 
valve. 

Q. How can the exhaust be made to take 
place earlier ? 

A. By shortening the right and left con- 
necting rods. 

Q. What other effect will this have ? 

A. To diminish the compression. 

Q. What would be the effect of lengthen- 
ing the right and left connections ? 

A. To give a later release and more com- 
pression. 

Q. Describe the principal features of the 
valve motion and cut-off gear on the Rollins 
automatic engine ? 

A. The wrist plate from which motion is 
transmitted to the valves is upon one side 
of the engine, and that the motion is trans- 
mitted directly to the steam valve through 
a rod and bell crank. The bell crank lifts 
a block, which engages with a plate, which 
is connected to the valve stem, and which 
on being raised, opens the valve. Each of 
these pieces has eight wearing surfaces 
and may be changed as they become worn. 
The latch which holds the plate has an 
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inclined tail-piece, extending below this 
crank, on the governor shaft, and when it 
is raised sufficiently to be touched by the 
pin upon this crank, the plate will be 
pulled off from the block, and the valve, by 
means of gravity and the steam pressure 
due to the area of the valve stem will close 
very sharply. The position of the gover- 
nor shaft crank is varied by the governor 
according to the load and boiler pressure 
approaching the valve stem as the cut-off 
becomes earlier. 

The exhaust valves are of the Corliss type 
and derive their motion from arms on the 
end of the wrist-plate shaft, which extends 
across the cylinder, to which they are con- 
nected with right and left rods. 

The Russell Single Valve Automatic 

Engine. 

Q. Give instructions for setting up a 
Russell single valve automatic engine ? 

A. The engine is first placed in its proper 
position and levelled lengthwise on small 
supports, suQh as small pieces of iron or 
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strips of hard wood. Remove the cap from 
main bearing and clean thoroughly, remov- 
ing paint from end of bearing to prevent 
tightness between disc and collar. See that 
all roughness is removed from journal and 
that it is perfectly clean, then place shaft in 
bearing and replace cap, leaving out the 
liners, and screw up tight, allowing the 
outer end to rest on an upright post or on 
blocking with a piece of iron, well oiled, 
placed under the shaft to allow it to t^ke 
its position laterally. When properly tight- 
ened, place the shaft in a level position, 
allowing the engine bed to swing on the 
wedges at each end. Place the level (if a 
Tangye bed) across the lower guides and 
level bed by means of wood or iron wedges 
and screw down nuts on foundation bolts. 
Now remove the sole plate from outer pil- 
low block and place on outer foundation. 
Remove the liners from pillow block and 
see that journal and bearing are clean ; 
then place it on the shaft and screw the 
sole plate fast to it and clamp in position 
by screwing down the cap ; place wedges 
under, just sufficient to hold it in position. 
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Bed with sulphur or cement. After the 
bedding has become well set, tighten the 
foundation bolts thoroughly, and while 
doing so keep continual watch of the lever 
and know that you are drawing no part of 
the engine from its previous levelling. Re- 
move journal caps and shaft, put on gov- 
ernor and fly wheel, replace shaft, put in 
liners and adjust caps so shaft turns easily. 

To verify the squareness of the shaft, 
place the crank pin either at back or for- 
ward centre and draw a line from the exact 
centre x)f cross-head pin to the centre of 
crank pin, then revolve the disc until the 
pin is on opposite centre, and if the line 
passes over same point the setting is cor- 
rect. 

In connecting the engine, place the eccen- 
tric in position on eccentric yoke and move 
the governor case on shaft until the eccen- 
tric rod touches the rocker arm at point of 
attachment ; remove rocker arm wrist and 
connect. Insert feather in governor and 
tighten set screw, seeing that it does not 
move from position while so doing. See 
that the marks on jam nut and rod are to- 
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gether ; when the valve will be properly 
adjusted. Remove cap from end of crank 
pin and connect that end first ; clean all oil 
holes and remove all grit or paint from 
all exposed wearing surfaces on engine and 
governor. Blow out all steam connections 
thoroughly before connecting to engine per- 
manently, and be sure no dirt has entered 
the valve or cylinder. Oil thoroughly and 
turn the engine a few revolutions by hand 
before turning on steam. 

Q. What instructions are appropriate for 
operating and adjusting a Russell single 
valve automatic engine ? 

A. Before starting, see that all oil cups 
are feeding and all wearing parts thorough- 
ly oiled, and make sure that the cylinder 
lubricator is working. Open all drip valves 
and relieve all condensation in the pipe be- 
fore turning on sufficient steam to run the 
engine ; then close the valve at bottom of 
the steam chest and start the engine slowly, 
and as the speed increases if the valve slaps, 
admit steam to back of it by the small valve 
above the steam chest. Great care should 
be taken in operating this valve, as it ad- 
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mits excessive pressure on the back of the 
valve and should never be opened more 
than sufficient to keep the valve quiet. 
After the governor takes control of the en- 
gine, close the small valve as much as it will 
admit and keep watch of it as the engine 
runs— never allowing the pressure to ac- 
cumulate ; as the valve becomes heated, it 
will take its proper shape and no steam will 
be needed on the back other than is provided 
for in itself. Should the small valve be 
left open and excessive pressure accumulate, 
the attention would be called t(/ the noise 
in the governor and vibration of valve rod, 
which should be relieved immediately. In 
stopping the engine, as soon as the throttle 
is closed, open valve under steam chest to 
relieve pressure from the back of the valve; 
should this not be done, the valve connec- 
tions will show heavy working of the valve, 
caused by the steam being taken from 
under the valve, leaving balance pressure 
on the back. 

Q. What instructions are desirable as 
regards the governor ? 

A. The governor is so constructed that 
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all wearing parts may be adjusted by means 
of two gibs or keys. On the inner side of 
the main eccentric, next to the bed, will be 
seen two screws that pass through slotted 
holes into the key that holds the main ec- 
centric to the brass hub plate. By loosen- 
ing these screws just sufficient to allow the 
key to be driven, all looseness or wear on 
that part can readily be taken up. 

At one end of the main eccentric projec- 
tions will be seen two screws passing through 
slotted holes in the casting into the key for 
adjusting the inner eccentric. By loosening 
these screws the key may be driven in, and 
by so doing take up wear on ends of inner 
eccentric as well as the eccentric itself, as 
will plainly be seen from construction of 
these parts. 

Care must be exercised in tightening the 
keys, and it would be best to tighten only 
one at a time, so that should it be too tight 
and cause the engine to race or run above 
its proper speed, it will be easy to deter- 
mine where the trouble is. The key that 
adjusts the inner eccentric, if properly 
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tightened, will remoye all noise in the 
governor. 

Should the governor race, release the 
tension on the springs very little at a time 
until the governor works smoothly, using 
care to keep the tension of the springs the 
same. 

Q. How may the engine speed be in- 
creased ? 

A. By taking off one or more thin plates 
from the governor weights (keeping the 
weights equal on the two arms). 

Erecting and Adjusting a Shapley 

Engine. 

Q. How would you set up a Shapley en- 
gine which had been taken down for ship- 
ment? 

A. First place the base, and on it the 
cylinder, with packing; then the column ; 
next the brace connecting them ; then place 
the boiler, with feed water-pipe in, using, 
cement sent to make the joint under the 
boiler ; (the same cement is used with the 
jacket.) Care should be used in placing 
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these parts. Dowels are provided for cyl- 
inder and column. Use white lead to make 
all screw steam joints. All steam chest 
covers are ground on, and need no packing 
or leading. All bolts and parts are marked 
for their proper places. Use care in pack- 
ing around the rods, especially the pump, 
which should always be allowed to run as 
loosely as practicable ; also the governor 
stem, to avoid undue friction, which would 
cause it to work badly. 

Have a good firm foundation for the en- 
gine to stand on, then secure it so as to 
keep it in place, after setting in line with 
machinery to be driven ; level by main shaft 
and plumb by guides, when all parts are 
put together. 

Q. How is the eccentric of a Shapley en- 
gine set to run the shaft ; and how may 
the engine be reversed ? 

A. The eccentric is set to run the engine 
right-handed, but may be reversed by turn- 
ing the eccentric so that the mark on it will 
agree with the other mark on the shaft. 

Q. What precautions are necessary in 
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starting, and what general directions apply 
as regards running ? 

A. Be sure to open the lower oock in cyl- 
inder to draw off the water before starting ; 
also, never start the engine without the 
stop-valve between the heater and boiler 
being open. The feed water to the pump 
should be regulated so as to supply the 
water as near continuously as possible. 
The water in the boiler should not be run 
too high, as it would necessitate much 
heavier firing, and would ** prime," or 
draw over into the cylinder, thence through 
the exhaust into the base, and if allowed to 
collect would shut off the draft. Keep the 
flue in base nearly clear; holes are made 
and pipes screwed for that purpose. To 
clean the flues, remove the jacket ; and 
make the joints tight in replacing them by 
using some kind of cement. 

Q. How may the speed of the engine be 
changed ? 

A. By raising or lowering the valve, by 
means of the screw which passes through 
the ball at the top of the governor, con- 
nected with the arms, and secured by a jam 
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nut after being arranged properly. A 
small screw in the upper end of the stand 
around which the sleeve of the governor 
revolves, is used for cutting off the steam 
so as to prevent vibration in the motion of 
the engine ; unscrew a very little, if it cuts 
off too quick or shuts by too far, so as to 
cause irregular motion. Sometimes it be- 
come necessary to take out the governor 
valve and clean it, and also clean the seats. 

The Stearns Engine. 

Q. How would you set up and adjust a 
Stearns engine ? 

A. The foundations and bolts for engine 
bed and crank shaft outboard bearing hav- 
ing been prepared according to tetnplate 
and drawings furnished, I should set the 
engine bed and bearings in their places; 
level each with the other and bring both in 
line for the crank shaft and make this 
alignment true with the main line shaft or 
counter shaft ; level the spot on the crank 
end of the cylinder by a st^am chest or 
governor flange, the frame by the guides, 
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both longitudinally and laterally ; level be- 
tween the engine and foundation by small 
iron wedges capable of supporting the bed 
in place while the sulphur, lead, or cement 
is run in. This done, the shaft being in 
place and the level again tested, I should 
run liquid cement, melted sulphur, or melted 
lead in the space between the top of the foun- 
dations and the bed plates, and sole plate, 
and allow it to harden ; after which, I 
should screw the nuts down on the founda- 
tion bolts, set the crank shaft and band 
wheel in place, and put on the connecting 
rod and eccentric rod, driving the keys up 
to the marks at the upper sides ; connect 
the throttle valve and governor to the steam 
chest and the steam pipe to the boiler ; con- 
nect the exhaust and waste pipes, and attach 
all oil cups. 

Setting Up a *< Straight-Line " Engine. 

Q. How would you proceed to set up a 
Straight-Line engine ? 

A. If the engine was one of the smaller 
sizes, fifty horse-power or less, I would take 
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it all apart and clean it, noting the exact 
position in which each part was set, so as 
to return it to its proper position I would 




then remove the frame and pedestals from 
the base plate and have that bedded in 
cement on the foundation and set level, tak- 
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ing special pains to keep the bolts free and 
have the cement bear the heaviest under 
each of the three pedestals. I would then 
set the frame and pedestals on the plate and 
tighten down the nuts on the four hold- 
down bolts and test the frame with the 
spirit level by placing a straight edge 
through the main boxes when they are in 
the frame. 

Q. Why is it necessary to have the engine 
level through the main bearings ? 

A. Because the shaft has end play in the 
main bearings ; and if the engine is not 
level the wheels will run on one side and 
the benefit of the free end play will be lost. 

Q. What is the object of free end play ? 

A. It keeps the main bearings, crank pin, 
and crosshead pin from wearing in streaks 
or cutting. 

Q. If you do not find the frame level, 
how would you level it up ? 

A. By packing with pasteboard or paper 
under the wood packing pieces in the top 
of pedestals. 

Q. Why are wood packing pieces used 
between the pedestals and frame ? 
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A. The wood pieces are elastic and round- 
ed on the under side, so that tightening the 
bolts will not cramp nor twist the frame 
and thus cause the bearings to heat. 

Q. Do you level the engine lengthwise, 
and if so, how ? 

A. No ; no more than is done when the 
plate is set, as it is of no consequence 
whether it is level endwise or not. 

Q. What next in setting up the engine ? 

A. From choice I should next proceed to 
put in the wheels, first cleaning and putting 
in the connecting rod by removing the box 
cap and passing the small end through be- 
tween the arms of one wheel and then pass- 
ing it through between the two wheels ; 
then putting on the cap. I should then put 
on the main boxes, and jack or roll the 
wheels into place. (While jack screws are 
the most convenient to raise the wheels, if 
they are not available, a plank can be laid 
down and the wheels rolled on it, to bring 
them high enough to go in.) After the 
wheels are in place the lead rings for oiling 
the bearings should be put in (first with- 
drawing the brass wedges in box), then 
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putting in rings and driving the wedges 
back to place, and setting down the set 
screws. 

Q. What is the most delicate point to 
observe in doing this work ? 

A. Special care must be taken not to 
bend the lead rings, as the whole success of 
their action depends upon their being true. 
To prove that they are all right I should 
roll the wheels over two or three times, 
and see that they revolved with the shafts. 

Q. Is it necessary to do anything to the 
governor when setting up the engine ? 

A. No ; the governor comes adjusted and 
there are no bearings that can get injured 
in shipment or that will need cleaning. 

Q. What next? 

A. It makes no difference whether the 
attachments to the piston or those of the 
valve are connected next ; although natur- 
ally one would put in the crosshead and 
connect it to the connecting rod. The 
crosshead can be rested upon a board laid 
across the frame, and the crosshead pin put 
in and bound fast by the tightening screw. 

Q. What is the special difference between 
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this engine and others in respect to the 
crosshead and pin ? 

A. The crosshead is very much longer 
than others ; equalling or even exceeding 
the stroke of the engine. The crosshead 
pin is made fast in the rod and turns in two 
bearings in the crosshead. 

Q. How is it possible to tell when the 
boxes are set right when there are two of 
them on the pin ? 

A. Set both boxes up tight and then 
slack back each an equal amount until the 
connecting rod will move freely from side 
to side with the hand alone or aided by a 
short *' pry " like a hammer handle. 

Q. What do you mean when you say 
from *' side to side ? " 

A. There is one-eighth of an inch play 
between the connecting rod and the cross- 
head ; and by prying on the rod the cross- 
head is made to slide or has end play in the 
boxes. 

Q. What about coupling the piston in the 
crosshead ? 

A. There are two methods used ; one 
where a half nut is bolted up to grip the 
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rod by binding bolts. In either case the 
rod is marked to show which side shall go 
up, and what number of threads should be 
left, showing when the crosshead is in 
place. 

Q. Why must the piston be set a certain 
side up ? 

A. Because the piston rings do not go all 
around and the space must be placed on the 
bottom. 

Q. What care is necessary in putting on 
the cylinder head and steam chest cover ? 

A. None, if it is a new engine, except to 
wipe them clean and avoid all grease or 
oil. 

Q. What harm would oil or paint do ? 

A. None for that once ; but it will burn 
on, and when it becomes necessary to put 
the cover on the next time, the burned oil 
would have to be scraped off, which would 
ruin the job. 

A. Why do their joints need any differ- 
ent treatment than those of other engines ; 
and what is the object ? 

A. Because they are made differently ; 
and if used as the instructions call for no 
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pncking should ever be needed. They can 
b6 taken off and put on any number of 
times, and come tight if screwed np ani- 
fonnlf . 
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Q. Should anything be done before the 
valve ia put in f 
A. Ye3 ; the steam pipe should be put up 
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and thoroughly blown out with steam be- 
fore the valve is put in and the chest cover 
put on. After the pipe has been thoroughly 
blown out (which it might be well to do 
before the piston is put in), the valve can be 
put in and coupled to the eccentric ; no 
adjustment being necessary unless the valve 
rod has been removed ; but if it has, it can 
be reset by a gauge which is sent with the 
engine. 

Q. In starting the engine, what precau- 
tions is it advisable to take ? 

A. To start slowly so as to see that every- 
thing is right; and also to let the water 
pass out and the cylinder warm up. 

Q. What precautions when running ? 

A. To see that the throttle is full open, 
and the cylinder lubricator working ; and 
that all bearings get oiled. 

Q. What precautions after shutting down ? 

A. To Sfee that all the oil collected in the 
fly-wheels is removed and the engine wiped 
all over. 

Q. What about the larger sized engines ? 

A. They differ somewhat from the smaller 
sizes, but not so much but that a skilful 
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mechanic should be able to set up one from 
these instructions and those sent. 

Q. What would be your advice to an en- 
gineer who never handled one of these en- 
gines ? 

A. To read carefully the descriptions and 
instructions and to learn all possible about 
the engine ; and if there seemed to be 
trouble to be sure and find out the true 
cause before attempting to remedy it. In 
other words, if you cannot decide on the 
trouble with the builders, never experi- 
ment. 

Q. ^^ There is a Straight Line engine 
which thumps every time she turns over. 
On taking it down it was found that the 
pivot bearing of the governor arm (this 
arm turns on a pin in a bushed hole in one 
of the fly-wheers arms) had considerable 
lost motion, and the pin was rattliug in it. 
The pin was worn upon one sidet the bush 
has means of taking up its own wear, but 
it was not worn, and there would not, any- 
how, have been enough take-up for all that 
play. The play must have been intentional 
or accidental, at the time of making th^ 
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ae ; it is evidently not the result of 
'. Another thing is that there is no oil- 



hole proTided for this bearing. Was that 
intentional or accidental ! The pin has at 
one end a tit which engages in any one de- 
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sired of four depressions, so that the pin 
can be turned one-fourth way around when 
desired, but cannot turn of itself. This pin 
fits tight in the lever, the rattle is only in 
the hole in the fly-wheel arm. Please give 
some points upon this case." * 

A. The hole was intentionally made too 
large, and the oil-hole was purposely omit- 
ted. The governor spring is probably too 
weak ; it should keep the pin snug up 
against one side of the bushed hole. And 
the action of the ball should be to make 
that side of the pin which is in contact 
with the bushed hole roll upon the hard- 
ened bush — something like the scale-beam 
principle. In fact, some of these engines 
are made with knife-edge bearings instead 
of pins, and flat steel plates instead of the 
bushes ; and sometimes they will be found 
with knife-edges bearing in hardened Vs. 

Oil would be likely to clog the action of 
this balancing motion. In your case, 
strengthen the spring, else either get a 
larger pin or a ^smaller bush ; and if you 

* Question which came by mail to the author. 
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change the fit of pin and bore, of course 
provide a means of oiling. 

Adjusting the Twiss Engine. 

Q. How would you proceed to set the 
valves of a Twiss autcmatic engine ? 

A. Remove the back bonnet, and there 
will be seen two marks on the bore of the 
seat, the upper one coinciding with the 
steam edge, and the lower with the exhaust 
edge of the steam port. Upon the ends of 
the main valve driver there will be seen two 
marks, the upper one of which coincides 
with the steam edge, and the lower one 
with the exhaust edge of the main valve. 
Adjust the length of the connection between 
the two main valve cranks so that these 
cranks shall both stand in a vertical posi- 
tion. In this position of the cranks, about 
three-quarters of the total lap of the main, 
valves will be on the steam side, and the 
other quarter on the exhaust side of the 
steam port. Adjust the length of the main 
eccentric rod so that the main valves will 
travel equal distances each side of a central 
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position, and place the main eccentric 90° 
back of the crank (when the engine '^rans 
over"), and from this position move the 
eccentric forward in the direction in which 
the engine runs, the amount of the steam 
lap and about one thirty-second inch more 
for lead. Secure the eccentric in that posi- 
tion. Then adjust the connection between 
the cut-oflf valve cranks, so that they will 
both stand in a vertical position. When all 
the valve cranks stand in a vertical position, 
or all the valves in a central position, the 
cut-oflf valves will be open an amount cor- 
responding to the steam lap of the main 
valves ; so that if the cut-oflf valves were 
held stationary in the central position, and 
the main valves were moved the amount of 
either steam lap, and were just beginning to 
open, the cut-oflf valves would be just closed. 
The link block should next be placed at the 
centre of oscillation of the link, and the rod 
connecting it with the cut oflf valve cranks 
adjusted so that both the cranks will stand 
in a vertical position. The cut-oflf valves 
are now set to cut-oflf at zero, and the en- 
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gine should cut-off at zero at both ends of 
the cylinder. 

Q. How can it be proved whether or not 
the engine cuts- off equally at both ends ? 

A. By putting the engine first on one 
centre and then on the other, and observing 
the marks which may be seen, one on the 
cut-off valve crank, and the other on the 
main valve crank. When these marks are 
together, or **line and line," the cut-off 
valve is just closed. 

Q. Suppose that the cut-off is not the 
same at both ends, what should be done ? 

A. Adjust the link rods until both ends 
are alike. 

Q, What is the next thing to be done ? 

A. Place the cut-off eccentric about 80° 
in advance of the main eccentric, and 
secure it in that position ; connect the cut- 
off eccentric rod with the link (if it has not 
been connected) ; place the link block at its 
furthest position from the centre of oscilla- 
tion of the link, and in this position con- 
nect it with the governor rod when the 
governor is down. Turn the engine around 
and note the distance that the piston has 
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travelled from each end of the cylinder 
when the cut-off yalves have just closed. 

Q. Suppose that both ends do not cut off 
alike at this stage, what should be done ? 

A. They should be equalized by lengthen- 
ing the cut off eccentric rod where the crank 
end of the cylinder cuts off the latest, and 
shortening when the back end cuts off the 
late t. 

Q. Suppose that the engine cuts off earlier 
than one-half stroke when the goyemor is 
down, what should be done f 

A. Move the cut-off eccentric back a 
little toward the main eccentric. 

Q. How would you make the engine cut 
off earlier when the governor is down ? 

A. Move the eccentric ahead a little. 

Q. How are the valves usnally set ? 

A. To cut off from zero to half -stroke. 

Q. May this range be increased ? 

A. Yes. 

Q. How may the speed of a Twiss engine 
be changed while the engine is running ? 

A. By adding or removing governor 
weights. 
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Erecting and Adjusting a Watertown 
Automatic Engine. 

Q. In erecting a Watertown automatic 
engine,* is there any special point to con- 
sider in commencing ? 

A. The form of bed and its relation to 
main pillow block and guides require tliat 
proper attention should be given to levelling 
of the frame upon its foundation ; and as 
it is nearly impossible to prepare a founda- 
tion which shall be so level on its surface 
as to be ready to receive the frame, other 
means must be resorted to, to insure this 
result. 

Q. What is the best method of accom- 
plishing this ? 

A. After placing engine upon foundation, 
and seeing that all anchor bolts are properly 
adjusted in bolt holes, take off main pillow- 
block cap and place a level on shaft bearing 
in the pillow-block, and by means of small 
iron wedges driven in from outside and in- 
side of frame, make this pillow-block per- 



 8ee description, page 71. 



816 EnOINB RuNNEB'S CATECHISBf. 

fectly level. From this as a starting-point, 
adjnst the frame from end to end, driving 
in the iron wedges both inside and outside 
^t each bolt hole, as may be required. 

Q. What about levelling the guides ? 

A. Particular attention should be given 
to levelling the guides in this same manner, 
as the proper working of the engine depends 
largely upon the guides and pillow-block 
being exactly parallel in all respects. 

Q. When this has been accomplished, 
what is next in order ? 

A. Clay can be placed at inside and 
outside of frame at the top of foundation, 
leaving at different points near bolt holes, 
opportunity to pour brimstone, which, fill- 
ing between bottom of frame and top of 
foundation, will make solid bearing for 
frame at all points. 

Q. When this has been done, what next ? 

A. Shaft may be placed in main pillow- 
block, and cap put on and screwed down 
solid, binding shaft firmly in main pillow- 
block. 

Q. From what line has the engine been 
tried by the makers ? 
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A. By examining inside of frame on 
opposite side from pillow-block, it will be 
discovered that frame has been planed its 
entire length, and from this line all parts of 
engine have been made parallel ; and as 
crank disc has been faced on crank, by 
using calipers from inside of the frame and 
side of crank disc at each side of its diam- 
eter, shaft can be made at absolute right 
angles with frame. 

Q. Is it necessary in lining crank shaft 
to put line through centre of cylinder and 
guides as is usually done by many engineers ? 

A. No ; the line of frame which is placed 
as before mentioned is an absolute line to 
work from. 

Q; When crank shaft has been squared 
and made perfectly level with frame, what 
is to be done ? 

A. The outboard pillow-block (after re- 
moving cap) can be placed at outer end of 
frame and blocked up securely against bot- 
tom of shaft with iron wedges, as used in 
frame itself. This proceeding places crank 
shaft, out-board pillow block and main 
frame in their proper relation to each other» 
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Q. The next step ? 

A. Shaft can now be removed, fly-wheel 
put in place therein, and shaft replaced 
again in its bearing, when it is ready to 
receive eccentric straps and rods. 

Q. How about attaching eccentric straps 
and rods? 

A. No particular directions are necessary 
for properly attaching eccentric straps and 
rods, only care should be exercised in not 
making them too tight at the start. It is 
better for a little looseness to be discovered 
for the first few days' running than to 
make them tight at first, and cause perman- 
ent injury by consequent overheating. 

Q. How do you attach connecting rod ? 

A. Put box on crosshead, attach strap 
and put in bolt and drive the key, leaving 
crank end detached ; take hold of connect- 
ing rod and operate it to discover whether 
key has been driven tight enough. Con- 
tinue driving key until it is found that box 
comes to a proper bearing, being sure to 
leave plenty of looseness, that no heating 
may occur when engine is started. Then 
with knife point or fine scrj^tch-awl make a 
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mark on the key just at top of strap, which 
will determine point at which key should 
be driven when connected for use. Dis- 
connect connecting rod from crosshead end 
and attach to the crank pin. Try crank 
pin connection in same way, driving key 
and marking at top of strap in same man- 
ner as mentioned at crosshead end. When 
this is done, connection can be again made 
to crosshead, keys driven to the marks 
before made and connecting rod will be 
properly attached. 

Q. How about tightness of connecting 
rod brasses ? 

A. It is the maker^s intention that when 
keys in connecting rod are driven up so 
that brasses are right on pins, the two 
halves of brasses should be solid together 
on face ; and brasses should never be filed 
apart for running, as the oil from cups will 
run from the pins out of the openings in 
the brasses, and its effect on the pins will 
be lost. 

Q. If necessary to tighten brasses to pre- 
vent thumping, what should be done ? 

A. Just enough should be taken off from 
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the brasses so that when key is driven 
home they will be solid together as they 
were sent from factory. 

Q. In packing valve rods, what is well ? 

A. To fill stuffing boxes nearly full, using 
care in tightening the gland not to press 
packing so tight as to bind on the valve rod. 

Q. Why? 

A. Because this would cause unnecessary 
friction and prevent proper working of the 
governor. 

Q. What about the governor belt ? 

A. At first it should be attended to daily 
to see that it does not stretch and slip on 
pulley enough to prevent governor from 
raising readily on the governor stem ; a 
fruitful source of irregularity of speed 
when not properly attended to. 

Q. What should be done with piston 
rings ? 

A. The piston rings in cylinder are always 
properly adjusted before engine is sent out 
from the works, and if cylinder is suffi- 
ciently oiled, engine may be run for consid- 
erable time without any adjustment of 
rings. 
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Q. ITow about alteration of adjustment 
of engine when renewed ? 

A. All working parts of these engines are 
adjusted and fitted before engine is sent 
from factory ; and no changes should be at- 
tempted by any engineer, in adjustment of 
either governor or valves. But any seem- 
ing defect should be reported to the factory 
for explanation or repair, if such should be 
thought to be actually necessary. 

Q. How do you increase the speed of the 
Watertown engine ? 

A. By moving the weight on the speed 
bar. 

Q. How do you make cut-off earlier on 
both ends of the same engine ? 

A. By advancing the eccentric. 

Q. How would you make cut-off earlier 
on crank end only ? 

A. By shortening the eccentric rod. 

Q. How would you make the exhaust 
release earlier on both ends ? 

A. By advancing the eccentric. 

Q. How would you make exhaust release 
earlier on crank end only ? 

A. By shortening the eccentric rod. 



Enginb Runkbb's Catechism. 828 

Q. How would you make cushion earlier 
on both ends ? 

A. By advancing the eccentric. 

Q. How would you make cushion earlier 
on the crank end only ? 

A. By advancing the eccentric. 

Q. How would you increase the lead of 
the Watertown engine on both ends ? 

A. By advancing the eccentric. 

Q. How would you increase lead on crank 
end only ? 

A. By lengthening the eccentric. 

Q. What adjustments can you make on 
the Watertown engine without aflfecting any 
other adjustments ? 

A. Only the speed. In all other quar- 
ters, changing one item changes all the 
rest. Thus, advancing the cut-off advances 
the lead, the release, and the cushion. 

Setting Up and Adjusting a Westing- 
HonsE Engine. 

^ Q. Give a full description of how you 
would proceed to set up a Westinghouse 
engine, if every piece were separated from 
the others ? 
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A. Take the crank shaft, insert it through 
the open end of the crank chamber and 
into the main bearing at the opposite end ; 
put on the loose crank box head and bolt it 
with its main bearing in place ; put centre 
bearings under the middle of shaft in the 
interior and pull it to place ; take the pis- 
tons, insert the connecting rods in them, 
pass the pins into the holes in the piston 
heads, spring in the rings into the piston 
heads ; insert the pistons into the cylinders 
from above ; connect the lower end of the 
connecting rods by means of their straps to 
the respective crank pins ; take the valve 
guide, insert the eccentric rod into it, pass 
the pin through the hole in the guide, spring 
the rings into place, slide on the piston 
valve over its stem and screw down the jam 
nuts to hold the valve from moving on the 
stem up and down, but not so as to cramp 
it from adjusting itself in the steam chest ; 
insert the whole valve gear, eccentric 
rod first, down through the steam chest, 
passing the lower end of eccentric rod into 
proper place in the strap, and key it home ; 
put on cylinder covers, after thoroughly 
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wiping out cylinders and pistons to remove 
all dirt or grit, and lubricate them ; put on 
the steam chest cover and connect the steam 
and exhaust pipes : put on wheels on the 
ends of shaft, insert the keys into the key 
seats and pull down firmly the set screws 
which hold the keys in their place ; pour in 
clean water from the open side of crank 
chamber until it rises to the height of over- 
flow, at which point the wrist pins of the 
crank will be plunged into the water at 
every revolution ; pour in a sufficient quan- 
tity of Crankcase oil, and put the crank box 
cover in its proper place and bolt home 
tightly. Before starting, see that the au- 
tomatic lubricator is ready to work ; drain 
the cylinders .thoroughly from water, and 
allow the engine to be somewhat heated by 
the steam. 

Q. How do you increaae the speed of a 
Westinghouse engine ? 

A. As the engine is controlled automati- 
cally it would be necessary to make a change 
in the cut-off gear to increase speed. A 
heavier pair of governor springs or a lighter 
pair of weights will enable the engine to run 
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faster. Usually the weights are made with 
a provision for a slight change, as there is 
a pocket containing lead in each weight, 
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and this lead can be removed for the pur- 
pose of increasing speed. 

Q. How would you make this engine run 
slower ? 
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A. By putting in lighter governor springs 
or heavier weights. 

Q. What effect would increased spring 
tension have upon the speed ? 
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A. A slightly increased spring tension 
will make the engine run faster ; but any 
considerable amount of additional tension 
will slightly cause the engine to **saw," 
that is, to run now fast, now slow, and 
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cause the governor weights to slam in and 
out so as to destroy the engine's efficiency. 
The principle on which these governors are 
built is that of equilibrium between the ten- 
sion of a spring and the so called centrifugal 
effect of a flying weight. To increase ten- 
sion beyond the proper point destroys the 
equilibrium. 

Q. How would you make a Westinghouse 
engine cut off earlier ? 

A. As the point of cut off is determined 
by the automatic regulator, it cannot be 
made to cut off any earlier, for a given 
load, than it does ; neither can it be made 
to cut off any later than it does for a given 
load, unless on account of a change in 
condition, such as back pressure, etc. 

Q. How do you make exhaust release 
earlier ? 

A. This cannot be done without a change 
in the valve itself, as the governor also 
controls the point of exhaust release. 

Q. How is cushion made earlier ? 

A. This point, also, is determined by the 
governor, and is variable for different loads. 

Q. How do you increase the lead ? 
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A. The only way is to make a change in 
the valve, using less steam lap ; and this, 
for a given travel of eccentric, also has the 
effect to cut off later. 

In general, the Westinghouse engine is 
hailt so that no variations or adjustments 
are allowed in or about the governor, except 
the matter of spring tension. 

Q. If the puffs of exhaust on a Westing- 
house engine are unequal, what is the cause f 

A. The valve needs resetting ; and it 
will usually require to be raised on the 
stem, because in a single acting engine 
the wear is always downward, so that 
after a long use the effect of wear will 
always be to drag the valve downward, 
never to raise it. 

Q. How would you set the valve ? 

A. Remove the cylinder covers, open the 
throttle just a hair, turn engine forward, 
and measure with a rule the position of 
each piston when steam is admitted and cut 
off. Raise the valve on the stem by placing 
washers under it until the point of admis- 
sion is the same in both cylinders, and the 
point of eat-off will also be the same in both 
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cylinders, and by measuring both for ad- 
mission and cut off, one measurement will 
check the other and prevent mistakes. 

Q. If oil runs out of the main bearings, 
how would you stop it ? 

A. If the oil runs out past the lead ring 
between the crank case and main bearing 
flange, simply tighten up on the studs which 
draw the main bearing shell into the crank 
case head. If oil leaks between shaft and 
main bearing flange, it may be due to the 
following causes : First, the oil hole which 
returns the oil from end of main bearing to 
the crank case may be plugged and should 
be cleaned with copper wire. Second, the 
oil and water may be too high in the crank 
case, and if lowered the leakage will stop. 
To lower it, put a shorter nipple between the 
crank case and overflow cup. It is at the 
proper height when the crank pin is two- 
thirds submerged at the bottom of its stroke. 
Third, and most important, leakage may 
come at the end of main bearings because 
the vent pipe to the crank case is stopped 
up and should be cleared. 
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Q. Why does the stopping of the vent 
pipe cause this leakage ? 

A. Because it allows the vapor in the 
crank case to accumulate and form a slight 
pressure which will naturally force the oil 
and water out of any opening in the crank 
case which is near the surface of the water. 
The keeping of this vent free and always 
open to the atmosphere is one of the most 
important items in the running of this build 
of engine. 

Q. Is there any other possible cause for 
leakage in main bearings ? 

A. Yes ; in very rare cases the washer on 
the shaft just within the flange of the main 
bearing shell may have been left off at some 
time when the engine has been apart, and 
thus there is nothing to keep the oil and 
water from working along the shaft and 
being thrown off by the fly-wheel hub. It 
is, of course, remedied by putting the 
washer back where it belongs. 

Q. How do you detect leakage of steam 
in the valve ? 

A. Remove the valve chest cover and run 
the engine very slowly under steam. If 
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there 13 leakage between the pnffs of the 
exhaust, it will be easily noticed. 

Q. How do you correct leakage in valve ? 

A. Put on a new set of valve rings, but 
do not try to patch up old ones. 

Q. How do you detect leakage of steam 
past the pistons ? 

A. This is very simple in a Westinghouse 
engine, as the lower ends of both cylinders 
are open to the crank case, and if any steam 
blows through it is instantly noticed. 

Q. Would you expect to find leakage fre- 
quently or in any large quantity in this 
form of an engine ? 

A. No, because the pistons are so long 
that it is very hard for steam to get by 
them even if the piston rings were but of 
order. 

Q. If a gale of steam seemed to be blow- 
ing out of the vent to the crank case, how 
big a channel would you expect to fina it 
coming through between the piston and 
cylinder ? 

A. So small that it could scarcely be 
noticed, for an opening so small as to be 
hard to find will blow a very large quantity 
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of steam at pressures commonly used in 
engines. 

Q. What practical point do the above 
facts teach regarding the leakage of pistons ? 

A. That in any engine leakage past piston 
cannot be judged by looking at the piston 
and cylinder, and supposing that because 
they look right steam does not blow by 
them. The only test worth having is a 
steam test under actual working conditions 
with the piston moving. 

Q. If steam is seen blowing from the 
crank case vent, is it evidence that the pis- 
tons are leaking ? 

A. No ; in nine cases out of ten bad oil 
is being used in the* crank case, allowing 
the parts to heat and boil the water, which 
escapes as vapor from the vent. 

Q. What is a sure indication of this ? 

A. More than ordinary wear on the parts, 
and loss of water in the case by itfi boiling 
away. 

Q. What kind of oil can cause this ? 

A. A light, refined, high grade, expensive 
oil, or an extremely low-grade, gritty oil. 
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Q. What is the proper oil for a Westing- 
house engine ? 

A. A heavy-bodied, black oil which will 
not evaporate, that the company has pre- 
pared specially for this purpose. 

Q. What is the most dangerous experi- 
ment to try with the Westinghouse engine ? 

A. Experimenting with all sorts of oils, 
instead of taking the manufacturer's advice 
as to what oil has proved to be the best for 
use in the crank case. . 

Q. How do you know when a Westing- 
house engine is seriously overloaded ? 

A. By the governor weights bumping on 
the shaft. 

Q. How much load is on it when the 
steam is 80 pounds and the weights bump- 
ing on the shaft ? 

A. About 25 to 30^ above its rated capa- 
city, and the weights are not cushioned to 
reduce the noise of bumping, as it is desir- 
able that this should be a warning that the 
engine is being overloaded. 

Q. Why should the Westinghouse engine 
be started very slowly ? 

A. Because it is very quick at starting. 
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and therefore requires extra care to prevent 
its starting too rapidly. This is due to 
small internal friction and the fact that the 
wheels are necessarily lighter because of the 
high speed at which the engine runs. 

Q. Why should it be stopped very slowly ; 
in fact, slower than is common with other 
engines ? 

A. Because a single acting engine depends 
on compression to take up whatever lost 
motion may be in the reciprocating parts, 
and with steam shut off and cylinder cocks 
open, this compression is lost. Therefore 
the engine will be noisy during the time it 
is running by momentum of its fly-wheels 
with steam shut off. Stopping it very 
slowly almost entirely prevents this. 

Q. How should repairs be made on West- 
inghouse engines ? 

A. Entirely by duplicate parts, as the 
design of the engine is such that by replac- 
ing small parts as they may wear keeps 
the engine practically new in all essential 
points, and because duplicate parts are 
cheaper than ordinary repair work. 

Q. If a wheel does not go easily on the 



888 Engine Runner's Catechism. 

end of an engine shaft, what is to be 
done? 

A. Look carefully for braises and burs, 
and never try to force the wheel. It should 
slide on easily. 

Q. If a new engine, in the course of a few 
weeks, has one of its wheels begin to travel 
along the shaft, what is the cause ? 

A. Only one set screw has been tightened 
when the wheel was originally put on. 

Q. What effect has this on the bore of 
the wheel ? 

A. It will usually be battered out to an 
oval tapering hole, and cannot be repaired 
except by boring out larger and bushed 
down to the size of shaft. 

Q. If the shaft appears to spring, where 
would you look for the cause ? 

A. If the spring appears to be the same 
on light and heavy loads, the centre bearing 
is probably too high. If it springs on heavy 
loads but not on light, it is probably too 
low. If adjustment of the centre bearing 
does not remove the spring, the shaft has 
probably been bent in shipment, or by bat 
tering on a wheel with a bruised fit. 
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Q. What are the principal requirements 
for making a Westinghouse engine operate 
satisfactorily ? 

A. Intelligent oversight rather than fre- 
quent adjustment. Good oil, and careful 
starting and stopping. 

Q. Why can the parts between the shaft 
and the valve on this type of engine be left 
more slack than on others, even though they 
are double acting ? 

A. Because they are so much better lu- 
bricated, that there is quite a large cushion 
of oil between the surfaces. This is most 
noticeable on the eccentric strap, which 
should never be set down too hard on the 
eccentric. 

Q. Why should a cylinder lubricator be 
set to work very slowly on a Westinghouse 
engine ? 

A. Because the pistons get an excellent 
lubrication from the crank case, and the 
oil from the cylinder lubricator is only 
needed to give a little lubrication to the 
valve. 
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The Wh££logk Engine. 

Q. How do you increase the speed of a 
Wheelock engine ? 

A. By counteracting the centrifugal force 
of the governor by hauling the spring on 
the trip rod. (This can be done while the 
engine is in motion.) 

Q. How do you make the cut off earlier 
at both ends ? 

A. By lengthening the trip rod from the 
governor. 

Q. How do you make the cut off earlier 
at either end ? 

A. By changing the trip rod between the 
two cut-offs ; there being a right and a left 
handed screw which can be operated while 
the engine is in motion. 

Q. How do you adjust the exhaust re- 
lease? 

A. By allowing the driving links to pass 
by their centres more or less as is desired ; 
the further they go the later the release. 

Q. Can you change the exhaust release at 
one end without affecting that at the other ? 

A. Yes. 
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The Whiting Engine. 

Q. Give full description of how you would 
proceed to set up a Whiting automatic en- 
gine, if every piece were separate from the 
others ? 

A. Place crosshead in frame, take rod 
pin from crosshead, place rod in position in 
crosshead, replacing pin and setting up nut 
on pin tight ; then adjust rod brasses by 
wedge bolt, being careful to set up nut on 
bottom of wedge bolt tight. 

Take shaft, wipe carefully and place in 
bearings, and put on crank, brasses, and 
rod straps. Put on automatic device with 
steam eccentric into fly wheel (cut of auto- 
matic device is given below), fastening all 
nuts carefully, so that none of the joints 
will bind. Slip fly-wheel on to shaft, being 
careful to screw set-screw into cup in shaft 
made to receive it, then slip in place, key, 
driving up key to close fit. 

Wipe out cylinder and steam chest care- 
fully, oil well with hand both the cylinder 
and steam chest ; slip valves in place, being 
careful to have the sleeves on both ends of 
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chest loose in the head plates, so that the 
valves will work perfectly free through the 
steam chest. Carefully tighten steam chest 
heads, then carefully tighten valve stem 
sleeves, being careful that no dirt gets 
under the sleeves, which would bring undue 
pressure both on the valve and valve stems. 

Slip pist ;n in place, springing rings into 
the cylinder, and screw into the crosshead, 
being careful to give equal clearance on 
both ends of cyliud^i*. Place rocker arms 
in their boxes, slip exhaust eccentric on io 
shaft opposite fly-wheel, being careful to 
set set-screw in eccentric into hole in shaft 
made to receive it. Couple eccentric straps 
with blades to eccentric and * cker-arms ; 
couple valve stems to rocker-arms, being 
careful to screw valve stem up to marked 
point indicated upon the stems, and set lock- 
nut up tight. This will insure the proper 
distribution of steam into the cylinder. 

All parts should be carefully lubricated, 
and sight-feed and oil-cups carefully ad- 
justed. Before starting, allow cylinder to 
drain thoroughly from water, and to be 
somewhat heated by steam. 
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Q. How would you take up lost motion 
in the crosshead ? 

A. Loosen jam-nuts on set-screws near 
top and bottom of crosshead on piston side, 
and turn set-screws slightly— say one-quar- 
ter of a turn. This forces wedge into cross- 
head, which pushes out shoes on top and 
bottom. Set jam-nuts tightly before start- 
ing. 

Q. How would you take up lost motion 
in the main rod ? 

A. Loosen the hex nut on bottom of rod 
(not the strap bolts), and give top hex cap- 
screw the necessary turn, or fraction of a 
turn, to tighten boxes ; then tightly set up 
hex-nut on the bottom of rod. This raises 
the wedge which lies between the strap and 
brass, and holds the boxes closer to the 
shaft. 

Q. How do you increase speed of Whiting 
automatic engine ? 

A. By shifting the weights on the weight 
levers on the automatic governor toward 
the fulcrum of the lever, maintaining an 
equal distance from each fulcrum to centre 
of each weight. If this does not increase 
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the speed enough then tighten up the gov- 
ernor springs. It is preferable, however, 
to have the weights changed to a lighter 
pair where great change of speed is neces- 
sary. 

Q. How would you make the engine run 
slower ? 

A. Shift weights to extreme end of weight 
levers ; or better, put on heavier weights. 

Q. What effect would increased spring 
tension have upon speed ? 

A. A slight change in the tension of 
springs should not have any bad effect 
upon the governing of the engine; but 
undue tension destroys the equilibrium be- 
tween the weights and tension of spring, 
and tends to make ,he engine '* race." 

Q. Can you change the point of cutoff 
of a Whiting automatic engine ? 

A. As the point oJ cut off is determined 
by the speed of engine through the auto- 
matic device it cannot be controlled at will. 
The point of cut off continually changes 
with the amount of work to be done. 

Q. Can you make the exhaust release 
earlier? 
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A. Yes ; by advancing the exhaust ec- 
centric upon the shaft. The engines are 
cushioned according to the speed and the 
work to be done. 

The Woodbuey Booth. 

Q. How would you set the valves of a 
Woodbury Booth automatic cut-off engine, 
one to cut off at three-quarters of the stroke, 
the other at one-half ? 

A. If it is the old fixed cut-off engine, in 
which there is a main valve for steam dis- 
tribution and exhaust, and a flat cut-off 
valve working on a partition in the chest, 
the former is a plain double **D" slide 
valve, and the same instructions can be 
given as for any other similar valve. The 
eccentric hub is held to shaft with a coun- 
ter sunk screw, which gives it its proper 
position, and all that is necessary is to ad- 
just the length of the rod so that the valve 
is jast starting to open, or ** line and line " 
on each dead centre. They usually set the 
main valve to cut off at about three-fourths 
stroke. The cut off or outside valve, is 
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also driven by an eccentric, and its position 
is ivd justed for different points of cat off by 
moving the eccentric around on the shaft. 
If you adjust the length of rod so that cut- 
off shall «. :> eqU: at each end, the opening 
of cut-off valve will take place earlier on 
one end than on the other ; but this does 
not matter, as it will not open at cither end 
unt:l after main valve closes. You can ad- 
just rod length as as to give unequal cut off 
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INDEX. 

An asterisk (*) indicates an illustration. Things 
should be looked for under the principal word, 
although in some instances opinions may diflPer as to 
which one to look under. Most phrases are indexed 
under more than one word. 

A CCEPTANOB of au engine 105 

•^^ Adjusting, see also Setting. 

Barney & Kilby engine 277 

Buckeye governor 180 

cam rods 217 

compression of Rollins engine 286, 287 

connecting-rod boxes 261 

Ck>r]iss engine 208 

cut-off rods 227 

cut-off of Twiss engine 813 

exhaust of Rollins engine 287 

Fraser & Chalmers-Ck>rliss engines.228, *224 

governors 227 

governor rods 217 

Ide engine 286 

piston valves 219 

Porter-Allen engine 249 

Porter-Hamilton engine 262 

Putnam engine 270 

release of a Rollins engine 286 

Rockwell engine 277 

Rollins engine S82, 286 

a Russell single valve automatic engine 291 

side boxes .... 261 

special engines 153 

stuffing-box packing 197 

the Twiss engine . . . ; 811 

a Watertown engine 815 

a Westinghouse engine 823 

Ad j ustment of lead 127 

847 
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Altering, see also SettlDg. 

ArmingtoD & Sims engine *10, 153 

governor *155,*156, *158 

Angular shifting of eccentric 1*^ 

Atlas engine, foundations for *10^ *103 

, template for *W 

slide-valve engine *11, *13, 168 

"Dakino new joints 106 

■^ Balance rings, bad action of 197 

valves 44,*46, *46 

valve, Margach *45 

Balancing load of a Rollins engine 286 

Barney & Kilby engine, adjusting 277 

Beam engines, lining afloat 113 

engine valves, setting 119 

working, lining 114 

Bearing, crank shaft, Westinghouse *84 

, hot main, to cure 148 

,main 49,148 

pieces for foundations 97 

Bearings, cold 138 

,hot 138 

. graphite for 148, 149 

, oiling 307 

, testing 108 

, turpentine for cutting gum from 133 

Bed of Porter-Allen engine, lining 249 

Belts, quarter turn, throwing off 107 

, twist, throwing off 107 

Black lead, see Graphite. 

" Blowing " on the centres 151 

Bolts, foundation, boxes for 97, 100 

Bolt holes in foundations 97 

Blowing out steam pipes 303 

Bores, cylinder, cutting 129 

Boxes for foundation bolts 97, 100 

Brasses, filing 139 

cheating 139 

, knockmgoff 139 

, pounding 140 

, tightness of crank pin 133 

, of cross-head pin 138 

Brick foundations, laymg up 101 
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Broken crank pins 149 

cylinders, to mend 151 

steam pipes, iiieuding 148, *149 

Buckeye cylinder and valve chest, section of *195 

engine 15 

styleA 'IG 

B 170, nTl, *178 

C 170 

removing valve 194 

setting up. 1<8 

Tangye pattern *]54 

elevation of *198 

plan of *a08 

valves 16 

valve, section of ♦igo, *192 

Building foundations *iOi 

"■ Burning in ** pieces on castings 152 

Bursting piece, Ide *87 

Bushing for steam chest *S8 

/^AM RODS, adjusting 217 

^^ of Harris-CorliKB engine 236 

Cams of Putnam engines *272, *275 

Capstones, dressing 100 

, setting 100 

Care and use 128 

Castings. *' burning in " pieces on 152 

Catcher of Trem per cut -oflf •90 

Cement for f ounaations 101 

Centres, '' blowing *' on the. 151 

, dead, to find 180 

Centring pistons 180 

Changing cushion. Buckeye engine 205, 206 

cut-oflTs, see also Altering. 

cut-off, Buckeye engine 199, 201, 205 

exhaust release, Buckeye engine 204 

lead ... 185 

speed of Buckeye engine 198, 190 

of a Shapely engine 296 

lead 207 

Chest bushing •88 

steam •88, 195 

valve, Buckeye, 195 

Clearance marks, to make 11:^ 
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Clicking of valves 196,197 

Coal oilfor cutting gum 133 

Cocks, cylinder 137 

Cold bearings 138 

Compound engine, starting 137 

Compression, see Cushion. 

, adjusting. Rollins engine 286 

, Armington & Sims engine 11 

, to counteract lost motion 145 

, equalizing 181, 182 

of Rockwell engine, altering 280 

, tee aUo Cushion. 

Condensers, independent 109 

Connecting-rod, attaching .... 319 

bearings, pound in 106 

boxes, adjusting 261 

brasses, tightness of 820 

, Fitchburg engine ♦SO 

, Ide engine 84 

, short 127 

Corliss engines, see alao Frick-Corliss, Eclipse- 
Corliss, Fraser & Chahners-Corliss, and 
Harris-Corliss. 

Corliss engines, adjusting 208 

, cut-off gear of 208 

, exhaust valve opening 210 

, starting ;... 107 

, varying length of steam connections. ... 212 

engine, eccentric position of 208 

, increasing lap on 210 

, lap of 210 

wrist plate 212 

Coupling an engine with a water wheel 137 

Couplings, ratchet 137 

Covers, cylinder, split 151 

Cranks, drag, lining 114 

Crank-pin brasses, tightness of 138 

pins, broken 149 

,hot 149 

, ,oliveoilfor 149 

. , sulphur for 149 

pin lubricator *239 

oiler. Buckeye engine *19 

shaft bearing, Westinghouse engine *94 
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Crank-shaft, lining 818 

Crib work for foundations — 97 

Cross-head, Eclipse-Corliss engine *28 

pin brasses, tightness of 133 

, Ide engine S4, d40 

, Straight Line engine 63, 304 

, Whiting engine 843 

Cummer engine HO 

Cups, oil 109 

Cushion, altering, on Watertown engine 323 

of Ide engine 837 

.varying 205,806,8^ 

, see also Compression. 

Cut-off, Armington & Sims engine 11 

, changing, on Twiss engine 314 

, , on Watertown engine 922 

gear, Corliss engines 208 

, Qreene engine 81» *83 

.Ide engine 286 

indicator, Ide engine ♦34 

range, Armington & Sims engine 9 

, Buckeye engine  17 

, Twiss engine 71 

Rider *73 

rods, adjusting ; 227 

, Straight Line engine 63 

,Tremper 90, *91, *93 

, Twiss engine 70 

valves, new Wheelock engine ... ♦SO, *81 , *B2 

, riding, setting 122 

, setting 128 

, to set. Buckeye 182 

valve, Watertown engine ♦TS, ♦TS 

variable 49 

varying 203,221, 248 

, on the Buckeye engine 201 

, Westinghouse engine 829 

, Wheelock engine 840 

Wheelock engine *78 

Cutting of cyh'nder bores 129 

gum from bearings 133 

Cylinder bores, cutting 129 

, Buckeye 195 

cocks 187 
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Cylinder covers, split 151 

diameter, variation in 106 

, examining, of new engine 100 

, expansion of 105 

, Ide enffine *38 

Jacketed engines 107 
ubricator 307 

Cylinders, broken, to mend 151 

scored 131 

T^ASHPOTS.... 21, *22, 2S5 

•*-' Eclipse-Corliss engine 21, ♦ag 

Dead centres, to find 180 

points, to find Ill 

Diameter of cylinder, variation in 105 

Diaphragrms, relief, Ide . *34 

Direct action engines, setting 121 

Drag cranks, lining 114 

Dressing-cap stones 100 

Driving shaft of portable engine, lining 140 

Drop hook, Kirkevaag 44, *47 

Dry steam 135 

X^ooENTRics, how to place 121 

•^ .resetting ... 125 

setting 125, 150, 181 

Eccentric connection, determining length of 122 

position, Corliss engines 208 

rod, Ide engine 34 

, setting without turning the engine 144 

of a Shapley engine, how to place 295 

shifting 126, 182 

, slipping 150 

, Straight Line engine 63 

straps and rods, Watertown engine 319 

throw, to determine 12;8 

Eclipse-Corliss engine 20, *21 

Economizer engine 241 

Emergencies 148 

End pla^ in Straight Line journal bearings 800 

Engine hning *261 

Engines on upper floors 112 

Equalization , 180 
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Equalizing compression 181, 182 

lead 127, 1&8 

piston travel 179 

Twiss valve motion 314 

Erectinjp, see also Setting up. 

and adjusting special engines 153 

a Shapley engine 294 

Watertown engine 315 

starting 105 

Examining cylinder of new engine 109 

Exhaust of Rollins engine, adjusting 287 

Exliausting 136 

Exhaust lap 182 

release, changing, on Watertown engine 822 

of Ide engine 237 

, varying 204, 221 

, , Wheelock engine 340 

valve opening, amount of, on Corliss engine. 210 

position 214 

of Putnam engine, setting 275 

setting 261,275 

of Westinghouse engine, equalizing 330 

Expansion, eflfect of lead upon 209 

Experimenting with engines 306 

Tj^iuNO brasses 139 

■*- Finished work, shipping 95 

Fitchburg engine 219 

, speed of 219 

girder frame engine *220 
orizontal automatic cut-off engine 26, *27 

Flooring, arranging for, in foundations 100 

Flywheel irregularity 107 

of Putnam engine, adjusting direction of 

motion of 270 

Foot pieces, foundations for 97 

FoundaMon bolts, boxes for 97 

Foundations 96 

, arranging for flooring in 100 

, Atlas engine *102, ♦lOS 

,boltholesin 97 

, brick, laying up 101 

.building *102 

, cement for 101 
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Foundations, crib work for 07 

for lack shafts 104 

for foot pieces 97 

, mortar for 07 

, piling for 97 

, plank 104 

.quicksand , 97 

, rock 95 

, templates for 98 

Fraser & Chalmers-Corliss engine, adJu8ting.2S3, *2^ 

Frick-Coriiss engine », 21 

Friction in starting large engines 106 

shown by racing 188 

Gardner three-cylinder engine 230 

Gaskets for permanent joints 106 

Girder-bed, Buckeye engine *169 

frame enj^nes *220 

Governor adiustment 227 

, Buckeye engine 186 

, Armington & Sims •ISS, *156, *158 

of Armington & Sims engine 11, 12 

. Atlas slide valve engine *14 

belt, Watertown engine 321 

, Buckeye engine ... *17 

, Fitchburg engine ♦26, *a8 

, Ide engine 286, *237, *238 

link pivot, Straight Line engine *303 

, Putnam engine *53, *54 

rods, adjusting 217 

, Russell engine 55, *58, ♦59, 292 

, adjusting 294 

safety collar 220 

springs. Buckeye engine 187 

spring tension 188 

, Straight Line engine 63 

, three-cylinder engine 232 

, Westinehouse engine ♦86. ♦87, ♦SS, ♦ag?, ♦328 

Granite bearing pieces in foundations 97 

Graphite for hot bearings 148, 149 

Greene engine 81, ^32 

Guides, scribe marks on 134 

Gum, to cut 133 

from bearings 133 
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HARBis-OoRLiss engine 238 
Heating of brasses 189 

Hook motion engines, setting 117, 121 

Horizontal engines 132 

Hot bearings ViS 

, graphite for 1 48. 149 

cranJc pins 149 

, olive oil for 149 

, sulphur for 149 

niain bearing, to cure 148 

Tdb bursting piece *87 

■*• cross head 240 

engine 88, ♦SS, ♦se 

, adjusting 236 

governor, old ♦237 

, regulating 236 

, simplified *288 

main journal and crank-pin lubricator *289 

piston valve *37 

steam chest, bushing *38 

Increasing lap on Corliss engine 210 

lead 223 

power of an engine 142 

Indentations in Buckeye valve 178 

Independent condensers 109 

Indicator, cut-off, Ide engine 34 

for finding lost motion 145 

Indirect hook motion engines, setting 117 

Inspection of cylinder 105 

Tack shaft, foundation for 104 

" Jacketed engines 107 

Joints, new, baking 106 

of Straight Line engine 805 

, permanent, gaskets for 106 

, red lead 106 

Journal bearings, and play in 800 

, Straight Line 302 

box sleeves, Straight Line 297 

Journals, to bring into shape 100 

TT'iRKEVAAo drop hook 44, *47, 260 

*•*- Knocking of brasses 139 



866 iTsnyjsx, 



Tap, exhaust 182 

-^ , increasins: on a Corliss engine 210 

of steam valyes 218 

Laying up foundations 101 

Lead 161,209 

, adjustment of 127, 182,207,223 

, effect upon expansion 209 

, altering, Watertown engine 328 

, Armingcon & Sims engine 11 

, equalizing 127, 182 

of ide engine 289 

, to increase 223 

, lineal 128 

, Straight Line engine 63 

, varying 127, 185, 182, 807, 223 

Leakage of pistons 1 30 

in Porter- Allen engine 258 

of steam in valve, westinghouse engine 324 

Leaky throttle valves 137 

licngth of eccentric connection, to determine 122 

Leveling guides, Watertown engine 310 

a Russell engine 289 

a Straight Line engine 800, 301 

Lineal leaa. 126 

Lining a beam engine afloat 113 

bed of Porter-Allen engine 249 

crank shaft, Watertown engine 318 

drag cranks 114 

driving shaft of a portable saw-mill engine. . . 140 

engines 251 

an engine with a thread 110 

shafts 114 

a working beam 114 

Link motion, marine engines, setting 116 

Lists, packing. 95 

Load, oalancmg, of Rollins engine 286 

Locomotive rod jpacking, life or 128 

Lost motion, compression to counteract 145 

. indicator for finding 145 

in main bearing, to locate 145 

in main rod. Whiting engine 343 

in Whiting cross head 343 

Lubricator for main journal and crank pin *239 

of Porter- Allen engine 262 
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Itf AiN bearing:, curing hot « 148 

■^"- , to locate lost motion in 145 

, Porter-Hamilton engine *49 

lubricator *239 

Main shaft, to test its squareness 134 

Main valve, of marine engine, setting 117 

Margach balance valve *45, *267 

Marine engine guides, setting 115 

engines, setting 116 

, setting main valves ^17 

Mending broken cylinders 151 

steam pipes 148, *149 

Metallic rod packing, life of 128 

, lubricating 129 

, trouble with 129 

Meyer valves 20 

Mortar for foundations 97 

OIL, olive, for hot crank pins 149 
cui)S 109, *159 

, Armington & Sims *159 

Oiler for crank pin. Buckeye ♦19 

Oil for Westinghouse engines 335 

Oiling Westinghouse engine 831 

Olive oil for hot crank pms 149 

Opening of ports 213 

Operatmg a Russell single valve automatic en- 
gine 291 

Oval pins 139 

Overhauling 189 

Overloading of Westinghouse engines 836 

Packing lists v. . . . 95 

■*- , locomotive, life of ...129 

, metallic rod, lubricating 1^ 

pieces between pedestals and frame 800 

piston rod 128 

, , Straight Line engine 63 

rings, testing 182 

, resetting 182 

.setting 188 

YQQ ,, ........... 242 

, "life of metamc' '. '. ". ". '. * .' .' .' .* * * .' .".!".!!'.*.!'.!! 128 
,new 188 
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Packing, stuffing box, to adjust 19T 

valve rods 821 

Passing an engine 105 

Patches, to discover 106 

Phenix engine .244, *245 

Piling for roundatiODS »7 

Pius, crank, broken 149 

,hot 149 

, sulphur for 149 

, hot crank, olive oil for 149 

Pins, oval 139 

, rounding 189 

Pipe, breakage of steam 148 

Pipes, steam, mending broken 148, *149 

Piston, Eclipse-Corliss engine. 24 

head, Straight Line engine 806 

leakage, Westinghouse engine 824 

, Porter-Hamilton engine 44, ♦45 

rings, Watertown engine 821 

rod, to keep central 133 

packing 24'i 

, cheap 128 

, Straight Une engine 66, *68 

wear 181 

speed. Cummer engine 20 

springs 130 

, Straight Line engine 66, ♦e? 

, to test for tightness 129 

travel, to equalize 179 

valves, adjusting 219 

valve, Ide 87 

Pistons, centring 130 

, leakage of 180 

, trouble with packing 129 

, Westinghouse engine 84 

Plank foundations 104 

Plug valves, Wheelock's *76, *77, *79 

valve engine, Wheelock's *76 

Plumbago. See graphite. 

Plunger packing 242 

points, dead, to find Ill 

Pop-offs, Westinghouse *86, *86 

Portable engines, shipping 95 

Porter-Allen engine 89 
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Porter- Allen Engine, setting up and adjusting.. . . 240 
valves *254, *255, *"-i56, *257 

-Hamilton engine. .. .44, *45, *46, *47, *48, ♦263, 

*2e5, *267 

, setting and adjusting 262 

Port openings, marks indicating 213 

Pound in connecting rod bearings and pins 108 

Pounding of brasses 140 

, to discover cause of .134, 13S 

Power, to increase 142 

Precautions when running an engine 807 

Prick punch marks 127 

Priming 186 

, throttling for 137 

Pump of Economizer engine 241 

plunger packing 242 

Pumps 143 

Puncn marks 127 

Putnam engine * 49 

, adjusting 270 

valve gear ♦871, ♦272, ^273, ^274 

Putting up steam pipes 303 

QUARTER turn belts, throwing oflf 107 
Quicksand foundations 97 

T> AGING, of what it is a sign 188 

■*-^ Range of cut-off, Armmgton & Sims 9 

Ratchet couplings 137 

Receiving engines 95 

Red lead joints 106 

Regulating a Buckeye engine 189 

Ide governor 237 

Regulator of a Putnam engine 270 

Regulating governor of Russell single valve auto- 
matic engine 294 

speed , 242 

Release, see also Exhaust release. 

of Rollins engine, adjusting 286 

Relief diaphragms, Ide engine ^34 

Removing Buckeye valve 194 

Repairs of WesUnghouse engin e 337 

Resetting an engine 131 

eccentrics 125 
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Resetting packing rings. 182 

Reversing engine S43, 295 

a Shapley engine 2d5 

Rider cut-olf *73 

Riding cut-off valves, setting 117, 122 

Rings, balance, bad action of 197 

packing, see under packing rings. 

Rocker arm, Buckeye engine *18 

, Straight Line engine 802 

Rock foundations 96 

shaft engines, setting 117 

Rockwell engine, adjusting 277 

Rod packing 242 

, locomotive life of 129 

. metallic, trouble with 129 

, new 128 

, piston 128 

, trouble with 129 

, piston, to keep central 133 

wear 131 

Rods, see also under piston rod, valve rod, con- 
necting rod, etc. 

Rollins engine 281, ♦282, ♦284 

, adjusting 282 

Rounding pms 139 

Russell engine 86, ♦Se, ^57 

governor 292 

single valve automatic engine 288 

SAPBTY collar for governor 229 
8aw-mill engine, lining driving shaft of 140 

Scored cylinders 131 

Scribe marks on the guides 134 

Setting, see also adjusting 

an Atlas slide- valve engine 163 

beam engine valves 119 

Buckeye cut-off valves 182 

cap stones — 100 

cut-off valves 123,182 

direct action engines 121 

eccentrics 121,125, 160, 144, 151 

an eccentric without turning an engine 144 

Harris-Corliss valves 234 

hook motion engines 117, 121 
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Settine an indirect hook motion engine 117 

link motion marine enfirines 116 

main yalve of marine engine 117 

marine engine guides 115 

Packing rings 133 
orter- Allen exhaust valves 261 

valves 260, 261 

•Hamilton engine 262 

Putnam valves 275 

riding cut-off valves 117,122 

rock shaft engines 117 

slide valves 126 

up, see also erecting. 

a Buckeye engine 168 

Forter-Allen engine 849 

a Russell single valve automatic engine... 288 

a Shapley engine 294 

and adjusting a Stearns engine 297 

a Straight Lme engine 298 

a Westmghouse engine 823 

a Whiting engine 841 

valves 116, 180,218,278 

, Buckeye engine 180 

of Rockwell engine 278 

Shaft bearing. Westinghonse *84 

, driving, lining the, of portable saw-mill en- 

gine* 140 

. main, to test for squareness 134 

squaring, Buckeye engine 172, 174, 176 

. Porter-Allen engme 249 

Shafts, lining 114 

, squaring ...140,172,174,176,249 

Shafting, verifying squareness of 290 

Shapley engine, setting up 294 

Shifting eccentrics 182 

of eccentric ... 126 

Shipping finished work 05 

portable engines 95 

and receiving 95 

Shutting down, precautions after 807 

Side boxes, adjusting 261 

Slamming valves, remedy for. Buckeye engine. . . 194 

Slide valve. Atlas ♦164, ♦les, ♦166 

, Buckeye 15, 178, +190, ♦lOa 
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Slide yalve engines. ..*11, *13, 163, *164, *166, *166; 
see also under makers' names. 

, Russell engine *60, 61 

» valves, Porter-Allen engine. . . *254, ♦255, *256, ♦as? 

.setting 125 

, to test tightness of 13:) 

Slipping eccentric 150 

Speed, changing. Buckeye engine 198, 199 

, varying, Armington & Sims engine 157 

of Fitchburg engine 219 

, varying, of Qardner engine 232 

• , piston 20 

regulation 242 

of Ide engine 236 

Shapley-engine, changing 296 

Twiss engine, changing 814 

Waterto wn engine, changing 322 

Westinghouse engine, altering 236 

Wheelock engine, altering 840 

Whiting engine, altering 844 

Split cylinder covers 151 

Springs of Buckeye governor 187 

, governor, tension of 188 

, piston lao 

Squaring shafts 140, 172, 174, 176, 249 

. Buckeye engine 172, 174, 176 

shaft of Porter- Allen engine 249 

Squareness of shaft, to test 184 

, verifying 290 

Squaring valves 214 

Squareness of valves, testing 313 

Starting up an engine. . .105, 107, 109, 157, 189, 259, 

296, 807, 386 

a Buckeye engine 189 

new Corliss engines 107 

a compound engine 157 

large engines, friction in 106 

a Porter-Allen engine 259 

Shapley engine 296 

Straight Line engine 807 

, warming up in . . 106 

Westinghouse engine 336 

Steam chest bushing, Ide engine ♦38 

connections,ConiJSS engines, varying lengiUi of. 212 
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Steam, dry 136 

Iap,«eelap. 
lead, see lead. 

pipe, breakinfc • t48 

pipes, mending broken 148, *149 

, putting up 803 

pistons, trouble with packinf^ 129 

valve lap, amount of, on Corliss engines 210 

of F^utnam engine, setting ; 275 

, wet 185 

Stearns engine, setting up and adjusting 297 

Stopping an engine 106, 186, 887 

Stoppage of engine, to find cause 150 

Stopping a Westlnghouse slowly 887 

Straight Line cross head and pin 304 

engine 61, ♦62, *64, ♦fiS 

, joints of 305 

, setting up 298 

, throttle valve *:505 

, thumping 308 

journal bearings. 802 

box sleeves *299 

piston head 805 

rocker arm and valve box guide *d02 

throttle valve 309 

Stuffing box packing, to adjust while running 197 

Sulphur for hot crank pins 149 

Sweet, J. E., 8ee Straight Line engine. 

npANOYB Buckeye engine *154, ♦198, ♦202 

■*" Template for Atlas engine ^99 

for foundations 96 

Testing bearings 108 

squareness of Twiss engine 318 

Thread, lining an engine with a 110 

Three cylinder engine 230 

Throttle valves, leaking 137 

Throttle position, when ninning 807 

Throttling, advantage of 135 

for priming 137 

valve, Straigh t Line engine ♦303, 809 

, Wheelock engine ^78 

Throw of eccentric, to determine 122 

Thumping in Watertown engine, to prevent 820 
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Thumping of Straight Line engioe, 308 

Tightness of piston, testing 129 

slide valves, to test 133 

Tremper cut-off 90, ♦91, *98 

Turpentine for cutting gum from bearings 183 

Twiss engrine, adjusting 311, 313 

, changing cut-off of 313 

, cut-off range 71 

, squaring 313 

horizon tal automatic cut-off engine 69 

Twist belts, throwing off 107 

TTpfer floors, engines on 112 

VALVE, Armington & Sims *161 
, balanc^, Porter-Hamilton engine 44, 

♦46, ^46 

box guide, Straight Line engine 302 

, Buckeye, to remove 194 

chest, Buckeye engine 195 

, Ide engme ^38 

, eznaust, setting Putnam 275 

gear, Fitchburg engine 26 

, Putnam ♦271, ^272, ^273, ^274 

, Putnam engine ♦SO, ♦SI 

,Ide 87 

motion of Rollins engine 287 

position, determining 127 

, to mark 133 

. rod length 229 

.packine 242 

, wear or. 129 

rods, packing 321 

setting, Armmgton & Sims engine 160 

, Buckeye engine 180 

, Corliss 213 

, Harris-Corliss engine 234 

, Porter- Allen engine 260 

, Westinghouse engine 330 

, Woodbury-Booth engine 345 

, slide. Buckeye 178, ^190, ^192 

, Russell ♦eO, 61 

squaring 21# 
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Valve stem, indications of a loose 106 

, Straight Line engine 63, *65, ♦66 

, throttle, see throttle valves. 

, "Watertown engine *78, *76 

Valves, see also under Cut-oflP, Riding, Main, etc. 

of beam engine, setting 119 

Buckeye engine 15 

, clicking, causes of 196, 197 

, cut-oflf, Wheelock new type engine. .*80, *81, *82 

, Eclipse-Corliss engine *25 

, Fitchburg engine 86, *28, •29 

, Greene engine 81 

, plug, Wheelock engine *76, ♦77, ^79 

,l>orter-Allen ♦254, ♦255, ^256, ^257 

, Porter- Allen en^ne 89, ♦40, ♦41, ♦42, ^43 

, Putnam, adjustmg 275 

of Rockwell engine, setting 278 

, setting 116, 160, 180, 213, 234, 260, 275, 330, 345 

, Putnam engine 275 

, slamming, remedy for 194 

, slide, to test tightness of 133 

, Twiss engine ♦69, ^70 

Variation in cylinder diameter 105 

Variable cut-off engine 49 

Varying cushion 222 

cut-off 221,243 

exhaust release 221 

length of steam connections, Corliss engines. 212 

speed of three-cylinder engine 233 

cut-off, etc.; see also Altering, Adjusting, 
Regulating, etc. 

WALKING beam, see working beam. 
Warming up in starting 106 

Watertown Automatic engine, erecting and ad- 
justing 316 

engine 71, ♦72, ♦76, ♦317 

Water wheel, coupling engine with 137 

Westinghouse engine ♦332 

, setting up and adjusting 323 

" Standard " engine ♦83, ♦84, ♦SS, ^89 

Wet steam 185 

Wheelock engine ♦T?, 80 

, adjusting 840 
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Wheelock new type engine 80 

Whitinn: engine, setting up 841 

"Wiping an engine 136 

Wootibury-Booth engines, S3tting valves 345 

Working oeam, lining 114 

Wrist plate, Corliss engine 212 

tWorldng by hand 107 



